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ANNUAL REPORTS 


ON THE 

PROGKESS OF CHEMISTRY. 

GENEEAL AND PHYSICAL CHEMISTEY. 

The past year marks the attainment of the pre-war level so far 
as physical chemistry is concerned. In the new conditions which 
now obtain, however, this will certainly not represent the average 
output; a considerable increase may be anticipated in subsequent 
years, and compilations ‘such as the present will almost certainly 
have to be expanded to keep pace with the advance. 

A great deal of research has been carried out in the field of 
atomistics, and this is reflected in the present Report, unfortunately 
to the exclusion of much which should have found a place. It was 
felt, however, that just now a very limited number of those topics 
should be dealt with, which, to be understood, could not be treated 
except in some detail, so as to enable a return to be made even- 
tually to a treatment presenting greater variety and probably, 
therefore, greater general interest. 

Energetics of the Crystal Lattice, 

The interest aroused in the problem of the structure of crystals 
by the pioneer work of Laue and the Braggs has led to an intensive 
study, in the first instance by Born and later by others, of the 
inechanics of the lattice, the energy involved in its dissociation into 
ions, its formation from the elements, and allied problems. The 
X-ray method has shown that, in general, the atom and not the 
molecule is the significant material unit. By a refinement of the 
X-ray method^ P. Debye and P. Scherrer^ have succeeded in show- 
ing that the electrons belonging to an atom are concentrated inside 
a very small space around the nucleus, the radius of the space being 

' ^ Physihat Z&itsch,, 1918, 19 , 474; J.., 1919, ii, 20. 

AlP,— -voh. XYH, 


B 
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about one-tenth of S, where 5 is the so-called “ lallici* constant,” 
and denotes the distance between two similar atoms- M. Born- 
has shown further that the atoms in salt crystals are electrically 
charged; they are, in fact, ions, carrying a charge identical with 
the charge of an electron in the case of salts of the type of potassium 
chloride. The properties of the crystal lattice involve a knowledge 
of the laws of electrical attraction and repulsion existing between 
any pair of oppositely-charged ions. It has been shown f)y Born 
that the attraction follows the ordinary inverse square law, wdiilsi 
the repulsion varies as the inverse tenth power, or ilie poieiitiai 
of the repulsive force varies as the inverse ninth power of the dis- 
tance. On this basis the compressibility of crystals of the cubic 
type can be accurately computed, as can also the lattice constant.''^ 
The fact that the potential of the repulsive force involves an 
exponent w = 9 is of importance in connexion with the struclure of 
atoms in general. Thus Born and Landed have shown (liat the 
atomic model of Bohr (in which the electrons revolve in concentric 
orbits round the nucleus), when applied to crystals, gives rise to 
w=5, which in turn leads to values for the compressibility which 
are approximately twice as great as those observed. Tlie discre- 
pancy is so great that in Born’s opinion ^ it is necessary to discard 
the Bohr atomic model. He iinds that the cubical atom model of 
G. N. Lewis leads to the required inverse ninth power relation in 
the case of crystals. This makes it almost certain that the cubic 
atom model with electrons moving in restricted or localised paths is 
in better accord with the facts than is Bohr’s model, especially for 
those cases in which more than one electron is present in the atom. 
This conclusion will be referred to again in a subsequent section. 

On the basis of the above laws of attraction and repulsion, Born 
has developed the following expression for U, the energy required 
(strictly at absolute zero) to dissociate completely one gram -mole- 
cule of crystal lattice into free ions: 

U = ^ 

71 

where N is the Avogadro constant, 5 the lattice constant, 7 i the 
exponent of the potential of the repulsive force, and a is a 
constant characteristic of the attractive force (attractive force = 

» Sitzungsher. Pnuss. Akad. BerHuy 1918, 604 ; .4., ii, 401. 

^ ® M. Born and A. Landd, Ber, Deut. physikal Ges., 1918, 20 210 * 4 1010 
li, 188 ; M. Born. Ann. Physik, 1920, [Iv], 61, 87 ; -4., ii, 22?!* 

J mz,inq.^h(>T Prpuss. Akad. Tfiss. Berlin^ 1918, 104$; A* ii 4H • Bur 
BwL 1918, 20, 202 ; A., 1919, ii, 188. •»»*-, 

® Ber. Deut. physikal Ges.y 1918, 20, 230; A.,’ 1919, iL 188 
« mu, 1919, 21, 13 ; A.y 1919, ii, 214. 
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On the basis of this equation Born has calculated the value 
of (I for a considerable number of salts. A few typical results are 
quoted to give an idea of the order of magnitude involved. The 
unit of energy is the kilo. -calorie. 

Salt LiCl. NaOl. KCl. EbCl. CsCL KBr. KI. 

U 179 182 163 155 156 155 144 

The accuracy of these values has been tested in an approximate 
manner by Born by considering a reaction of the type: [NaCl] + 
[KI] = [KC1] + [Nal] (the square brackets denote the solid state), 
in. which the net change in U can be equated to the net heat effect, 
the latter term being obtained by algebraic summation of the indivi- 
dual heats of formation of the salts from their elements. Unfortu- 
nately, the net heat effect and net change in TJ are very small 
quantities. So far as the comparison goes it is favourable to the 
lattice theory. Born has attempted to carry out an alternative test 
by taking into consideration the energy required to ionise the 
gaseous atoms of the elements from which the salt would ordinarily 
be formed — it is important to observe that U refers to formation 
of salt from the free ions and not from the atoms. The results 
obtained by this method also lend support to the lattice theory. A 
more exact test of the validity of the equation already given for 
?7 has been carried oiit^ based oa the heat of solution of salts in 
water to form very dilute solutions. The results substantiate the 
theory in a satisfactory manner. 

Bajans^ has further investigated the heat of solution, L, of indivi- 
dual salts, pointing out that this quantity is composed of two effects, 
{a) the energy required to dissociate the salt into free gaseous 
ions, namely, U, and (5) the heat evolved when these ions are dis- 
solved in water. The latter effect is regarded by F'ajans as “ heat 
of hydration of gaseous ions/' the term hydration being taken to 
mean the condensation of an indefinite (non-stoicheiometric) num- 
ber of water molecules around the ion as a result of electrostriction. 
Taking the case of potassium chloride we can write : 




d* 

ci-^ 

- [KC1].oim + u, 


[KCIU, 

-h 

aq. 

= K+aq. -f Cl'aq. -l-iy, 

whence 

K\., 

-1- 

Ql-+a<i 

gas 

= K'^aq. + Cl“aq. -h Ud- A. 


From this it follows that lF(cation)-ffainon)» bhe heat of hydration 
of Doth ions, is given by: i 

^^(catioii)+ (anion) “ "t U* 

’ K. Fajans, Ber. Deut. physihal, Gfes., 1919, 21, 542 ; A., ii, 21. 

» Ibid., 549 ; A., ii, 12. 
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^ Sitzungsher. Ptpuss. Alcad, Wis.s. Berlin, 1918, 604 ; ii, 401. 

^ » M. Bora and A. Landd, Ber. Dmt. physikal Ges., 1918, 20, 210 ; -4., 1919, 
ii, 188 ; M. Born. Ann. Physik, 1920, [iv], 61, 87 : A., ii, 227,* 

* Sitzanq.9her. Prmss. Ahad. Wise, Berlin, 1918, 1048 ; *4., ii, 424 - Ben 

Bmt 1918, 20, 202 ; A., 1919, ii, 188. 

6 Ber. Deut. physikal Ges„ 1918, 20, 230; A., 1919, ii, 188. 

« Ibid., 1919, 21, 13 ; A., 1919, ii, 214. 
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more exact test of the validity of the equation already given for 
U has been carried out/ based on the heat of solution of salts in 
water to form very dilute solutions. The results substantiate the 
theory in a satisfactory manner. 

.Fajans^ has further investigated the heat of solution, L, of indivi- 
dual salts, pointing out that this quantity is composed of two effects, 
{a) the energy required to dissociate the salt into free gaseous 

ions, namely, U, and (6) the heat evolved when these ions are dis- 

solved in water. The latter effect is regarded by Fajans as “ heat 
of hydration of gaseous ions,'^ the term hydration being taken to 
mean the condensation of an indefinite (non-stoicheiometric) num- 
ber of water molecules around the ion as a result of electrostriction. 
Taking the case of potassium chloride we can write : 

+ 01-^ = [koi],,m + cr, 

[KClJaoM + aq. = K+aq. -hOUaq. +U, 

whence + 01'^®^- = K+aq. -bCl-aq. 4- U-h A, 

From this it follows that TF{eatioii)+{anioti)> hydration 

of both ions, is given by : i 

^(cation)+(anion) ~ U + A. 

^ K. Fajans, Ber. Deut, phydkaL to., 1919, 21, 642 ; A., ii, 21. 

# Ibid., 649 ; A., ii, 12. 
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The following typical results indicate the extremely high values 
obtained in this way. The heat of hydration is expressed m kilo.- 
cal. per gram-molecule. 


Salt LiCL NaCL KCl. KBr. Kl. 

W(o.t.on4.a..oB) 187 180-5 169 150 130 


The calculation just given affords values for the heat of hydration 
of both ions. The heat of hydration of individual ions has been 
calculated 9 by a method based on measurements of the refractive 
indices of aqueous solutions of alkali chlorides. The value obtained 
for the heat of hydration of the chlorine ion itself is 172 kilo. -cal. 
This is nearly the same as the values quoted above. That is, the 
cations have a negligible heat of hydration. This is a distinctly 
surprising result, and must be received with caution. 

The next problem to which Born,i® and later Fajans,ii applied 
the lattice theory was the calculation of the affinity of neutral 
halogen atoms for electrons. This affinity is measured by where 
B is defined as the work which must be expended in removing an 
electron from a halogen ion. Born shows that ^ is a positive quan- 
tiby, that is, the neutral halogen atom has a positive affinity for an 
electron. Born’s argument is as follows. We begin with solid 
potassium chloride and imagine it decomposed into free gaseous ions 
in two different ways. The first way corresponds with the direct 
dissociation which involves an absorption of U energy units, 
163 kilo. -cal. per gram-molecule. The second way corresponds with 
the decomposition of the salt into its electrically neutral elements, 
metallic potassium and gaseous molecular chlorine, whereby Q 
units are absorbed, namely, 106 kilo.-cal. The potassium is then 
vaporised, the heat absorbed being about 21 kilo.-cal., and the 
atoms are ionised into ions and free electrons. The latter process 
corresponds with the ionisation potential of the metallic vapour, 
namely, 99 kilo.-cal. At the same time, the molecular chlorine is 
dissociated into its atoms, the heat absorbed being 53 kilo.-caL 
per gram-atom, and each of these atoms attaches to itself one of 
the electrons set free by, the ionisation of the potassium vapour. 
We have thus arrived at the same end-point by two different paths. 
Equating the energy terms, it is found that the union of an 
electron with the chlorine, bromine, and iodine atom, respectively, 
involves the evolution of 116, 87, and 81 kilo.-cal. per gram-atom. 
No direct measurement of E is available. Born has tested -the 
accuracy of the calculated value by an indirect method, based on 

* F. Haber, BitmngsUr, Prmas. AJcad. Wiss. Berlin, 1919, 990 ; A,, ii, 244. 

Ber. Deut, pkysikah Oes., 1919, 21 , 679 ; A., ii, 166, 

Ibid., 714 ; A., ii, 166. 
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tile ionisation of the hydrogen haloids. The mode of ionisation 
in this case was assumed by Born to be: HCl — H' + CT, and 
this assumption was later confirmed experimentally.^^ The corre* 
spending energy term we shall denote by /hci- The various inter- 
relationships in the case of gaseous hydrogen chloride are con- 
veniently shown by the following scheme, which is due to Haber : 

HCl ^ Qhci ^ H,C1 
A A 

/ 

t t 

B ^ H^Cl,a 

Symbols separated by commas indicate free atoms or ions separated 
by an infinite distance from one another. The direction of the 

arrows corresponds with an evolution of heat. Incidentally, the 
quantity Jnci differs from by an amount identical with the 
heat of sublimation of hydrogen chloride. Qhci denotes the heat 
which would be evolved by the union of atomic hydrogen and 
atomic chlorine, a quantity which is known to be 117 kilo. -cal. per 
gram-molecule of hydrogen chloride formed. denotes the 

energy of ionisation of a free hydrogen atom, namely, 310 kilo.- 
cal. per gram-atom, or 13-4 volts. The symbol e stands for an 
electron. Passing from the right-hand lower corner of the scheme 
to the upper left hand by the two paths, and equating the energy 
terms, it is found that /m.i = 311 kilo. -cals., this quantity being 
based in part on the value of B for chlorine calculated by the 
lattice theory. 311 Kilo.-cal. corresponds with an ionisation 
potential of 13*5 volts. Foote and Mohler^^ j^ave found by direct 
experiment 14 volts. The agreement is satisfactory. It may be 
mentioned that Cuthbertson’s value for the dispersional frequency 
of hydrogen chloride corresponds with A =918* 67 A. Converting 
this into frequency, and applying the quantum formulation, we 
find ifAv = 309 kilo.-cal'., a value which is in very good agreement 
with that obtained by Foote and Mohler. It is noteworthy that 
the energy of ionisation of hydrogen chloride into two ions is prac- 
tically the same as that required for the ionisation of the hydrogen 
atom into the hydrogen nucleus and a free electron. This 
means that the* affinity of the hydrogen nucleus for an 
electron is practically the same as the affinity of the hydrogen 
nucleus for a,, halogen ion. This is considered in some detail by 
Haber, who concludes that the heat of formation of all the alkali 

P. D, Foote and F. L. Mohler, J. Amer. Ohem^ Soc,, 1920, 42, 1832 ; 
A., ii, 660. 

Ber, Deut. phydhal, 1919, 21, 7.54 ; A., ii, 156. 
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chlorides in the gaseous state from the gaseous atomic elements is 
the same as that for hydrogen chloride, namely, 117 Idlo.-caL per 
gram -molecule of salt. In the course of Haber's considerations, he 
estimates that the heat of sublimation of the alkali haloids is of 
the order 60 kilo. -cal., a very large quantity when compared with 
the corresponding term for the solid hydrogen haloids, namely, 
4 to 5 kilo. -cal. Haber shows that the above value for the heat 
of sublimation of the salts is in agreement with their high sublima- 
tion temperature. Further, the heat of sublimation of the alkali 
chlorides has been calculated to be about 50 kilo.-cal.^'^ Haber 
has succeeded in verifying his value for the heat of sublimation 
by an alternative mode of calculation, making use of a scheme 
analogous to that already employed in connexion with gaseous 
hydrogen chloride. 

In the foregoing considerations, the hydrogen chloride appears 
as a gas, and the energy term Jhci refers to this state. Eeis^^ 
has put forward certain important considerations ixi connexion 
with the lattice of the crystalline hydrogen haloids. He points 
out the low heat of sublimation as compared with that of the alkali 
haloids, and also the extremely high energy of ionisation 
(300 — 320 kilo.-cal.), which is about twice as great as that of the 
alkali haloids (150 — 180 kilo.-cal.). He also points out the rela- 
tively large molecular volume of the solid hydrogen haloids, and 
finally concludes that the lattice in these cases must be very 
different from the lattice in the case of the salts. This difference 
he attributes, very reasonably, to the existence of molecules, as 
distinct from ions, as the significant material units composing the 
lattice in the case of the solid hydrogen haloids. He confirms this 
view by a consideration of the electric moment of the hydrogen 
chloride molecule. 

Returning to the alkali haloid (ionic) lattice it may be pointed 
out that Haber has applied the quantum theory to this case in the 
following ingenious manner. Haber regards the known dis- 
persional frequency V(, of the solid salt, obtained from measure- 
ments of the refractive index, as representing the most violent 
electronic movement of which the lattice is capable, and therefore 
corresponding probably with the energy U required for its ionisa- 
tion. We can thus write U — Whv^^, where 27* is the Avogadro 
constant and h is Planck’s constant. In the case of potassium 
chloride (sylvine), the limiting wave-length which corresponds 
with V 0 , has been found to be 160*7 /a/x. Ay for I'^ck-salt being 

A. Reis, Zeiisdi. Physih, 1920, 1, 204 ; A., ii, 537. 

^^JZeitsch. EUktrochem., 1920, 26, 408; ZeHsch, Physih, 1020 , 1, 290; 
A., ii, 751. 



GENEBAL AND PHYSICAL CHEMISTRY. 


7 


156’3 fx/x. Hence for potassium cHoride and for sodium 

chloride is calculated to be 177 and 182 kilo. -cal. respectively, 
■whilst U, as calculated by Born, is 163 and 182 kilo. -cal. respec- 
tively. The agreement is striking. In the case of other salts for 
which Born has calculated U, the necessary refractive index 
measurements have not been made. Haber, however, makes use 
of his “square root rule,” which connects the known characteristic 
infra-red vibration frequency of a salt, as determined by Eubens, 
with the quantity vq, and thus calculates approximate values for 
NhvQy which are compared with U in the following table: 


Salt NaCl. KCl. KBr. KI. TlCl. TlBr. TIL LiF. 

77Hkilo.-cal 173 165 151 141 144 157 142 336 

kilo.-eal. ... 182 163 155 144 169 163 151 231 


With the exception of lithium fluoride, where the discrepancy is 
enormous, the agreement is fairly satisfactory. The calculation 
serves to link up the frequency of the dispersional electron 
with the properties of the crystal lattice. 

We now pass from a consideration of salts to a consideration of 
metals. Metals are characterised by their thermal and electrical 
conducting capacity, properties which were formerly explained on 
the basis of freely moving electrons, each of which possessed con- 
siderable thermal capacity. The determinations of the specific 
heats of metals, carried out in great detail to test the applicability 
of the quantum theory, have shown, however, that the heat 
capacity of electrons is negligible until extremely high tempera- 
tures are reached. The free electron theory therefore breaks down. 
In its place, F. A. Lindemann^^ suggested, several years ago, that 
a metal consists of two interleaved space lattices, one consisting 
of metallic ions, the other of electrons. On this basis, the elec- 
trical conductivity is due to the movement of the electron lattice 
as a whole through the ionic lattice. The resistance which the 
electron lattice experiences is due to vibrations of the ions, which 
impede the movement of the electron lattice as a result of electrical 
repulsions. At very low temperatures, however, the vibrations of 
the ions are small, and the electrical conductivity should be 
abnormally great. This corresponds with the known supra-con- 
ductive state discovered by Onnes at the temperature range 3° to 
0® absolute. If the metal is not pure, the ionic lattice is hetero- 
geneous, and the electron lattice has greater difiiculty in moving 
through it. That is, the presence of an impurity should increase 
the resistance of a metal, a conclusion which is borne out by 

16 mt Ma^., 1915, [vi], 29 , 127 j 4., 1915, ii, 47. 
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experiment. As the electron lattice moves throngli the ionic 
lattice at temperatures above zero, it will transfer to the latter a 
certain amount of the kinetic energy it lias gained from tlie 
impressed electric field; in other words, the temperature of the 
metal will rise as a consequence of the passage of current. Linde- 
mann shows, further, that the lattice theory of the metallic state 
is in agreement with Ohm’s law. As regards thermal conductivity, 
on the lattice theory heat is transmitted by elastic waves. The 
thermal conductivity of a metal may be regarded as the sum of 
the conductivities of the two lattices. The thermal conductivity 
of the ionic lattice is necessarily of the same order as that of a 
salt crystal, and is therefore negligible at ordinary temperatures. 
The conductivity of the electron lattice, on the other hand, will 
be large, for, as Lindemann shows, it will behave like an ionic 
lattice when the latter is at very low temperature, when such 
lattices are known to possess high thermal conductivity. Further, 
the specific heat of the electron lattice, owing to its high limiting 
frequency, is extremely small. Thus, without attributing any 
measurable heat capacity to the electrons, it is possible to have 
large thermal conductivity as a whole in the case of a metal. This 
is in excellent agreement with the results obtained from measure- 
ments of specific heats, and constitutes the main advantage of the 
electron lattice theory, as distinct from the older free electron 
theory. Lindemann shows, furthei', that the lattice theory is 
capable of explaining the mechanism of the photo-electric effect, 
even accounting for the difficulty that the energy of the photo- 
electron is often greater than the incident energy of the light 
falling on one electron. On the lattice theory, a large part of 
the wave-front can act on the electron lattice, setting up an elastic 
wave sufficiently intense to eject an electron from the lattice. 

A lattice theory of metals has also been worked out in some 
detail by Haber, based directly on Born's concepts. The lattice 
in this case consists, of course, of ions and' electrons. Using Born's 
theory, an expression for TJ, the lattice energy, can be calculated 
in terms of the compressibility and atomic volume of the metal. 
Haber also points out that U can be equated to i) + where D 
is the known heat of sublimation of the metal and the energy 
of ionisation of the vapour, corresponding with the well-known 
ionisation potential of the latter. The agreement between the 
two modes of calcnlating U is apparently satisfactory. The follow- 
ing typical values, expressed in kilo .-cal. per gram-atwn, indicate 

Siizungsber. Frmss, Ahad. Wise, Berlin^ 1919, SOS, 990; A., ii, 

424 . 
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that the lattice energy of a metal is of quite the same order of 
magnitude as that of the haloid salts : 


Mefcal Li. Na. K. Rb. Cs. Ag. Tl. 

V 155 140 123 117 109 243 206 


From the values of JJ it should be possible to calculate, on the 
basis of Born’s lattice theory, the value of the exponent n in the 
potential of the repulsive force. We have already seen that in 
the case of most salts ^^=9. Haber finds in the case of the alkali 
metals that n lies between 2 and 4. 

This raises a considerable difficulty, for, as Born has shown, 
such a value for n would mean that the electrons, instead of being 
fixed, would be free. To overcome this difficulty, Haber, making 
use of certain results obtained by Debye, substitutes a movable 
lattice in place of a statical one, and on this basis works out a 
number of relations. The problem does not seem, however, to be 
by any means satisfactorily solved, and as much of it is still specu- 
lative, we need not enter into it further here. What seems certain 
is that a lattice of some kind forms the basis of the metallic state. 

* The Crystal Lattice and Molecular Magnetic Fields. 

In the foregoing section an account has been given of the crystal 
lattice, the material units of which are ionic, from the point of 
view of electrostatics. In the present section we review briefly 
the treatment of the crystal lattice, the material units of which 
are molecules from the point of view of magnetic forces. 

That two electrons rotating in a certain manner with respect 
to one another will attract or repel with a force varying more 
rapidly than the inverse square of the distance has long been 
known. Since the introduction of the idea of moving electrons 
into atomic and molecular theory, the possibility of such electro- 
magnetic attraction and repulsion playing an important part in 
chemical change has been recognised. This has been specially 
emphasised by E. C. C. Baly,^^ who has recently quantumised ” 
it in the molecular phase hypothesis, a concept also expressed in 
Bohr’s theory of stationary states. 

The problem with which we are more immediately concerned! is 
the extent to which magnetic forces enter into and define the 
behaviour of crystalline substances. This has been investigated 

by •A. E. Oxley,^® mainly for the case of diamagnetic organic sub- 
• 

18 FUl. Mag,, 1020, [vi], 40, 15 ; A., ii, 460. 

18 PhU. Trans., 1914, [A], 214, 109 ; 1916, [A], 215, 79 ; 1920, [A], 220, 
247 ; A., 1914, ii, 424 ; 1916, ii, 219 ; 1920, ii, 351. 
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stances in wliicli tlie molecule, not tlie ion, is regarded as the 
significant material unit. Oxley's chief contribution to the subject 
consists in the demonstration that the local molecular field in a 
diamagnetic substance is comparable in magnitude with the ferro- 
magnetic molecular field, being of the order 10^ gauss. That this 
is a field of extremely high intensity is evident when we recall 
that the most intense field which can be produced artificially is of 
the order 10^ gauss. The principal experimental evidence advanced 
by Oxley is the change in the specific diamagnetic susceptibility 
(measured in the case of about fifty substances) which accompanies 
the change from the liquid to the solid state. 

On Langevin's theory of magnetism, the molecule of a diamag- 
netic substance contains oppositely spinning systems of electrons, 
which counterbalance one another externally, so that the molecule 
as a whole possesses no initial magnetic moment. When an 
external magnetic field is applied, the frequency of rotation of one 
electronic system is increased, whilst the other is diminished, and 
the molecule becomes slightly polarised and distorted. This small 
differential effect accounts for the well-known Zeeman effect, and 
is also the origin of the small magnetic moment possessed by a 
diamagnetic substance when subjected to a magnetic field. The 
act of crystallisation can also be regarded as bringing about a 
similar distortion of the molecule, so that the difference in suscepti- 
bility of the solid and liquid forms may be employed to determine 
the order of magnitude of the local field of magnei-ic molecular 
force which gives rise to the rigidity characteristic of the crystal- 
line form. 

Let us suppose that AJ/I is the change in the moment, J/, of an 
electron orbit produced by applying a magnetic field, //, r being 
the period of rotation of the electron (of the order 10“^^ sec.) 
and e/m the ratio of the charge to the mass of an electron. 
Langevin has shown that 


AM 

M 


Ere 


= 10-^ -E 


The strongest magnetic field which can be produced artificially 
being of the order 10^ gauss, the largest value of ^M is 10~‘W. 
Suppose, however, that, as a result of crystallisation, the mole- 
cular field produced is of the order 10^ gauss, then the value of 
AM is 10“^, which would mean a change of 1 per cent, in the 
susceptibility. This is the order of the change obs&wed in the 
case of aromatic compounds. Other evidence confirming the 
extremely high value ascribed to the molecular field is furni^ed 
by the results obtained with double refraction, magneto-striction,. 
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and] magneto-rotation. Thus, wlxen a liquid is brouglit into a 
magnetic field, it becomes slightly doubly refracting, and at the 
same time undergoes a small diminution in volume. Oxley shows 
that if a field of 10^ gauss could be applied (this being the field 
which is supposed to be produced by crystallisation), a double 
refraction comparable with that exhibited by quartz would be 
produced. Under the same field, the decrease in volume would 
be about 10 per cent., a value in good agreement with the observed 
change in volume on crystallisation in numerous cases. 

It must be emphasised that, on the view expressed above, the 
molecule of a diamagnetic substance is locally ferro-magnetic, that 
is, one part of the molecule is a north-seeking, the other part a 
south-seeking, pole; this is regarded as the origin of molecular 
union. The repulsion observed when a diamagnetic substance is 
placed in a magnetic field is looked upon as purely an induction 
effect produced in a system of molecules, each of which has initially 
a zero magnetic moment. 

Having considered the intensity, Jle, of the local molecular field, 
we have now to consider its energy. Let I denote the aggregate 
local intensity of magnetisation for all the molecules, n, in unit 
volume. Then l — ni, where i is the local magnetic moment of a 
single molecule. The potential energy of 1 gram of the sub- 
stance, in virtue of the grouping and distortion of the molecules 
constituting the crystalline form (that is, over and above the energy 
associated with 1 gram of the liquid) is then given by: 
where p is the density of the crystal. If we assume that He is pro- 
portional to Z, we can write Hc=(x>^Jy where o'c is a constant which 
Oxley shows is the reciprocal of the limiting local susceptibility of 
the crystalline medium under a field strength identical with that 
possessed by the molecular field itself. The energy E can therefore 
be written as a.'cPj2p, which is analogous to the expression NPf^p 
obtained by Weiss for ferro-magnetic substances. The constant aJe 
corresponds with N, bolh having the same physical significance for 
the respective kind of substance. , Oxley shows that the numerical 
values of a' ^ and N are comparable, as are also the I terms, so that 
the energy of the molecular field in the case of a diamagnetic, crys- 
talline substance is of the same order of magnitude as that of a 
ferro-magnetic solid, namely, 10^ ergs per gram. Now in the act 
of fusion the crystalline form is destroyed; the latent heat of fusion 
shodld therefore be of the order 10®/4*2 x 10^, or 25 cal. per gram. 
The following"* are a few experimental values : 

Benzene 30 cal. Chlorobenzene.. 30 cal. Aniline 21 cal. 

Nitrobenzene ... 22 „ Naphthalene ... 35 „ Pyridine 22 „ 

Keference must also be made to the variation in the specific heat 

2 B* 
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of a crystalline solid as the melting temperature is approached. In 
the crystalline state we must regard the molecules as orientated 
into definite positions with respect to their neighbours by these 
large intermolecular forces. If at the higher temperatures the 
molecules undergo rotational vibrations about their mean posi- 
tions, then it would be expected that the value of Z- would be 
somewhat lessened by these vibrations, and we should therefore 
expect that a small fraction of the energy associated with the 
grouping would be dissipated as the temperature is raised towards 
the fusion point. The effect this would have on the variation of the 
specific heat with temperature would be to add to the norma! varia- 
tion (expressed by Debye’s theory) the following positive term : 

j U 

ipj * ■ SZ’ ’ 

where T is the absolute temperature and J the mechanical equiva- 
lent of the calorie.” Nernst and Lindemann have found that close 
to the melting point there is an abnormal increase in the specific 
heat of diamagnetic substances, and in order to account for this 
on the above basis it is necessary to give to Z a large value, such as 
that required by previous considerations. It is necessary to point 
out that only a small fraction of the energy term E will be dissi- 
pated below the fusion point, the major part of it being involved in 
the act of fusion itself. 

Again, the frequency v of the rotating electrons is given by : 
v=ZZe/2wm. 

If the value ascribed to H be of the order 10^ gauss, then v is of 
the right order of magnitude for an optical freqitency. If inside 
a molecule the intensity were 10® gauss, frequencies corresponding 
with X-rays would be accounted for. 

finally, the intermolecular magnetic field will determine the 
tensile strength of the crystal, and, as the stresses will he different 
in general in different directions, planes of cleavage will occur. In 
this connexion it is important to recall the experiments of Tyndall, 
who found that the cleavages of diamagnetic substances when 
placed in a magnetic field stand equatorial, whilst the cleavages of 
magnetic substances stand axial. Oxley finds in this further 
evidence that the forces which produce crystallisation are magnetic 
in nature. 

The precise relationship between the electrostatic theory'r of 
atomic and molecular forces as the basis of the crysfel lattice and 
the magnetic theory of the lattice has not as yet been clearly 
defined. The measure of success which has attended both modes 
of treatment suggests that they are not mutually contradictory, 
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althougii at the .pieseiit time it is impossible to say more than that 
in crystals of salts and possibly metals (ionic lattices) the electro- 
static forces predominate, whilst in crystals of organic substances 
(molecTilar lattices) the intermolecnlar forces are essentially 
magnetic. 


Ionisation and Resonance Potentials in Gases, 

Two types of inelastic encounter between electrons and gaseous 
atoms are known. One of these in the simplest conditions results 
in the emission of a single frequency, without ionisation of the gas, 
whilst the other ionises the gas and causes it to emit a complete 
spectrum. The potential giving the first kind of encounter is called 
a resonance potential^ that giving the second an ionisation potential. 
Both types of potential manifest themselves also in connexion with 
molecules. Thus the process of dissociation of a diatomic gas into 
neutral atoms would conceivably correspond with the lowest pos- 
sible resonance potential characteristic of a gas. The importance 
of measuring such potentials lies in the fact that they afford infor- 
mation regarding the stability of molecules and atoms. We shall 
consider a number of gases in turn. 

Eydfogen , — A very careful investigation of the behaviour of this 
gas has been carried out,-® with the following results: 

First, there is a weak but appreciable ionisation of the gas at 
ir5±0*7 volts. This is ascribed to the ionisation of the molecule, 
thus : Ho — ^ H 2 + 4-0 In support of this view it is pointed out 
that the ion form,ed at this potential is of molecular and not of 
atomic dimensions, thereby eliminating the possibility of ascribing 
the effect to H — >-H‘ 4 - 0 , which might be expected to occur at a 
higher potential. The conclusion drawn in connexion with the 
potential referred to is a serious criticism of Bohr’s theory of the 
hydrogen molecule, for, according to this theory, the positively 
charged hydrogen molecule should be incapable of existence. J. J. 
Thomson, however, has shown that this individual exists in the 
canal rays. 

Secondly, a resonance potential is found at 13*6 ± O' 7 volts. This 
is ascribed to the dissociation of the molecule into atoms, one of 
which is normal ; the other contains two quanta. The latter emits 
the first line of the Lyman series in the far ultra-violet. This poten- 
tial is written by the authors as (10*1 4 - (?) volt, where § = 3*53 + 
0*25 volts, "^his term will be considered later. 

Thirdly, a strong ionisation has been observed at 17*1 +0-27 volts, 

J. Franck, P. Kjiipping, and T. Kruger^ JBer. Pmt. jphysiJcal., Ges., 1919, 
21, 728 ; A., ii, H5. 
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wliicli is written as (13*5 -f 6) volts. This is regarded as the ionisa- 
tion of the hydrogen molecule into an atom, a nucleus, and a free 
electron, thus: Hg — + 0. 

Finally, a new ionisation stage has been observed at the very 
high voltage 30*4 + 0*5, which is written as (2 x 13*5+ Q) volts, and 
corresponds with the most violent change of which the neutral 
molecule is capable, namely, its ionisation into tw^o nuclei and two 
free electrons: Hg — +2H* + 2 0. 

The quantity Q (3*53 volts), which occurs in at least three of the 
observed stages, is ascribed to the dissociation of the hydrogen 
molecule into neutral atoms. As evidence of the general correct- 
ness of this view it is pointed out that 3*53 volts would correspond 
with 81,300 cal. per gram-molecule of hydrogen, a quantity which 
agrees fairly well with the heat of dissociation of the gas, 85,000 
cals, as determined by Langmuir. This resonance potential was not 
observed directly by the authors named, although presumably it 
was looked for. It is of interest in this connexion to note that 
Mohler and Foote obtained “evidence of a slight resonance col- 
lision between 2*5 and 3*5 volts, but the value has not yet been 
accurately fixed.’’ It may perhaps be pointed out that by sub- 
tracting stage 3 from the final stage referred to we obtain the value 
13*3 volts as the ionisation potential of the hydrogen atom, namely, 
H~+H‘+e. 

Values differing apparently from those of Franck, Knipping, and 
Kruger have been obtained by other workers. Thus, Franck and 
Hertz, Bishop, Davis and Goucher, found somewhat earlier that 
ionisation sets in at a potential of aboxit 11 volts, and the latter 
authors further found a second ionisation potential at 15*8 volts. 
This value, which does not find any counterpart in the work of 
Franck, Knipping, and Kruger, is accounted for by assuming that 
the hydrogen atom has an affinity for an electron, so that the energy 
of decomposing the negatively charged ion, according to the scheme 
H' — >-H + 0, is 2*2 volts, where 2*2 = (16*8 — 13*6) volts. 

Hydrogen has also been carefully investigated , 22 with the follow- 
ing results: 

First, there is a radiation or resonance potential at a minimum 
electron velocity equivalent to 10*5 volts. This is presumably the 
same as the 10*1 volts inferred by Franck and his collaborators as 
a possible resonance potential of the molecule. Horton ascribes this 
effect to radiation from the atom by displacement of an electron 
from one orbit to another. 

J. Opt. Soc. Amer., 1920, 4, 49 ; A., ii, 464. 

22 F. Horton and (Miss) A. C. Davies, Proc. Roy. Soc., 1920, fAl 97, 23 : 

215. * j » . 
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Secondly, a further type of radiation potential is produced at 
13'9 volts. Horton ascribes this to radiation from the molecule. 
This is presumably the same as the resonance potential observed by 
Franck and his co-workers at 13*6 volts. 

Thirdly, Horton and Miss Davies find that ionisation of the gas 
occurs at 14‘4 volts. This value does not appear to correspond 
with any found by the other workers. It is rather a striking fact, 
however, that 14*4 volts corresponds with the wave-length 84 
which lies very near to the accepted value of the dispersional wave- 
length, 86 to 87 /x/x, obtained from refractive index data. Horton 
ascribes this stage to the ionisation of the atom H — >■ H‘ -|- 0 It 

will be recalled that the value calculated for this process on 
Franck’s data is 13*3 volts, which agrees well with the value 
calculated by Bohr. 

Finally, Mohler and Foote find a resonance potential at 10*4 
volts, which agrees very well with the first stage observed by Horton 
and Miss Davies. Mohler and Foote also find a first ionisation 
stage at 13*3 volts, which they ascribe to ionisation of the atom, in 
excellent agreement with the value calculated above. These authors 
also find a second ionisation at 16*5 volts, which they ascribe to 
the molecule. This evidently is intended to correspond with the 
value 17*1 volts found by Franck and his co-workers. 

On the whole, the various observations are rather discordant. 
Something like order may be obtained from the various results if 
we take as our starting point the value 3*5 volts or 81,300 caL for 
the dissociation of the molecule into neutral atoms, and assume 
that the various stages are approximately even multiples of this 
quantity. The various potentials and the corresponding wave- 
lengths calculated on this basis are compared with the observed 
values in the table on p. 16. 

These various stages are logically connected with one another. 
For example, stage (6) follows from stages (1) and (4). Thus, from 
process (4) we have: 

2H — > 2H* + 20 “ (2 X 14) volts, 

and from (1): 

H 2 — 2H(normal atoms) — 3*5 volts, 

whence 

H2~>2H>20-31*5 volts. 

Stage (6)^w^ouid appear to be the highest possible stage of activa- 
tion of which the neutral molecule is capable. The corresponding 
wave-length is much shorter than the limit ascribed to the hydrogen 
spectrum by Eiohardson and Bazzoni. It is obvious that the poten- 
tials of hydrogen require further exact investigation. 
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process 

number. 

1 . 

Potential calou- Wave-length 
Nature of process. lated, volts. in fijx. 

Ha — >* 2H. Both atomsK^. ^ ^ ^ 343 

normal. Resonance, j 

Potential 

observed. 

2*5 to 3*5 

2 . 

Hg — > 2H. One atom^ 

normal,the others with v 

displaced electron, j 

Resonance. J 

174 

not obser\'ed 

3. 

Ha — 2H. Both atoms'! 
with displaced elec- 1-10'5 — {3-5 X 31 
trons. Resonance. J 

110 

| 10-1 

lU-4 

ii0*5 

4. 

H — ^ H" -f* 6 . Ion-1 
isatipn of the atom, j ~ ^ ^ 

S 7 (disper- 
sioiial wave 
length) 

( 13*3 

5. 

Hjj— >H + H’ -p 0 . ^ 

Ionisation of the mole- 1 - /o.r v 

cule. The atom is p ^ 
normal. J 

69*0 

( lO-a 
- i(r9 

[ivi 

6 . 

Ha 2H* H- 20. 1 

Complete ionisation of -31-5 = (3-5 X 9) 

3S-7 

30-4 


the molecule. j 

Nitrogen . — The relatively early experinaenls of Franck and Herts 
led to the value 7-5 volts as the ionisation potential of nitrogen 
In view of the great chemical stability of the molecule this value 
is surprisingly low. B. Davis and F. S. Gouoher-'^ showed latei 
that this potential did not give rise to ionisation, but to resonance. 
They found a more intense type of resonance potential at 9 volts 
and a true ionisation at about 18 volts. H. D. Smyth has 
investigated the values of the lower potentials with the following 
results : 

First, there is a marked • production of radiation (resonance) 
8*29±0’04 volts. Secondly, there is a doubtful effect which he con 
siders may be due to silicon at 7'3 volts; and thirdly, an effect a1 
6*29 volts, which only appears at low pressures, and which he finally 
attributes to nitrous oxide as an impurity. Smyth has also ob- 
tained qualitative evidence in support of Davis and Goucher^ value 
18 volts, for the ionisation potential. Smyth concludes that th« 
resonance potential at 8*29 volts corresponds with the dissociatior 
of the nitrogen molecule into neutral atoms. The effective wave 
length is therefore 149 fji/x, and the heat of dissociation per gram- 
molecule 190,000 cal. Mohler and Foote confirm the general cor 
rectness of previous determinations by finding a resonance potentia' 
at 8'18±0*10 volts and an ionisation potential at 16*9 ±0*6 volte. 

Oxygen , — The value hitherto accepted for the ionisartion poten- 
tial of this gas has been about 9 volts, Mohler and Foote havf 
carried out a careful revision, and find a resonance potential al 

-Bhymal Bev., 1919, 18, 1. « Bid., 1919, 14, 409 ; A., ii, 528. 
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7*91 ± O’ 1 volts, wMcii corresponds with the known wave-length 
1570 A. They also find an ionisation potential at 15‘5±0’5 volts, 
which agrees fairly well with the potential 16 ’2 volts calculated 
from the dispersional frequency of oxygen. It might be suggested 
that the value 9 volts corresponds with the process O 2 — >-0*2+ © 
analogous to the hydrogen potential 11*5 volts, H 2 — +H‘ 2 + 0, 
which lies between the resonance and true ionisation potential of 
this gas. 

Iodine Vapour. — The behaviour of iodine vapour in respect of 
fluorescence, ionisation, and dissociation into neutral ■ atoms has 
been examined by K. T. Compton and H. D. Smyth.^s They point 
out that the fluorescence of gases and vapours is not generally 
accompanied by ionisation, and that therefore fluorescence is due 
to a shift of an electron from a position of high to one of low 
potential energy, a view first expressed in somewhat general terms 
by Baly as an alteration in the degree of openness of the molecular 
field of force. Compton and Smyth have obtained experimental 
evidence of the correctness of this view from measurements of the 
minimum energy required to ionise a fluorescing molecule. The 
normal molecule requires 10 volts, the fluorescing molecule 7 ’5 volts 
when excited by the green mercury line. The difference, 2 ’5 volts, 
corresponds with the quantum of energy of the mercury line as cal- 
culated by the relation Ve—hv. This result is direct experimental 
evidence of the existence of molecules with an abnormal energy 
content; such molecules are, in fact, partly active in respect of ion- 
isation. Turning to the relationship between ionisation and disso- 
ciation into atoms, Compton and Smyth find two types of ionisation 
in iodine vapour, namely, a very weak ionisation at 8-5 volts, which 
they attribute to the ionisation of the free iodine atoms (formed in 
sensible quantity by contact with the hot filament), and also a very 
intense ionisation at 10 volts attributed to the molecules. The dif- 
ference, 1’5 volts, should correspond with the energy required to 
dissociate a molecule of iodine into neutral atoms. This value, when 
converted into cals per gram-molecule, agrees closely with the 
known heat of dissociation. This result, it may be pointed out, 
also substantiates the view that the nascent atoms require no energy 
of activation in respect of their recombination. The wave-length 
corresponding with the above voltage (T5) is about 820 Iodine 
vapour wmuld therefore be expected to exhibit an absorption band 
in* this region; it does not appear to have been looked for hitherto. 

potentials of this gas will be considered in the next 

section. 

Weon, — The minimum radiation (resonance) potential has been 
Science^ 1920, 51, 571 ; A., ii, 723^ 
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found 26 to be 11 '8 volts, tbe mininiuin ionisation potential 16*7 
volts. A second resonance potential has also been found at 17*8 
volts, and a second and third ionisation potential at 20*0 and 22*8 
volts respectively. The existence of three ionisation potentials and 
two critical resonance potentials indicates that neon differs more 
from helium and argon than would have been anticipated. On the 
usual view the resonance and ionisation potentials correspond 
respectively with the lo'west and highest frequencies of some parti- 
cular series. It would be expected, therefore, that there should be 
as many resonance potentials as there are ionisation values. The 
fact that only two resonance potentials were found in this gas is 
ascribed to the possibility that two lie very close together, in which 
case on© might escape detection. Another possibility is that the 
ionisation observed at one of the three potentials is a spurious effect. 
The resonance potential, 11-8 volts, appears to be associated with 
the ionisation potential, 16*7 volts, and the resonance ]3otential at 
17*8 volts' with the ionisation at 22*8 volts. Tf neon consists of two 
or more constituents having different radiation and ionisaiion 
potentials, ihe critical potentials, 11*8 and 16*7, are atiribiited to 
one isotope, the values 17*8 and 22*8 to the other. 

Argon . — Horton and Miss Davies have also investigated this 
gas very carefully. Their final conclusions are that argon exhibits 
a resonance potential at 11*5 volts and an ionisaiion potential at 
15*1 volts. The latter corresponds wnth the wave-length 817 A. 
Lyman has found that the limiting wave-length of the argon spec- 
trum lies very close to 800 A. The agreement between the two 
results is satisfactory. 

As regards the resonance and ionisation potentials of metallic 
vapours, a considerable amount of research has been carried out. 
One of the chief difficulties is that of the minimum arcing potential 
and the potential required to maintain the arc. Tn general, it 
may be said that the ionisation potential corresj)onds with the con- 
vergence frequency of a series, which, however, is not necessarily 
the principal series. Another point in dispute is as to whether the 
resonance potential corresponds with a single line or not. Until 
more general agreement is attained among the workers in this field 
as to the interpretation of their results there is little advantage 
in attempting to summarise them. 

Before leaving the subject of ionisation of gases it may be pointed 
out that in the case of diatomic molecxiles two distinct types 
ionisation may be expected. In the first the moleculer pads with 
an electron, but preserves its general molecular structure. This is 

F. Horton and (Miss) A. C. Davies, Proc. Hoy. 8oc., 1020, fA], 98, i24 ; 
ih 657. XWd, 9L 1 ; A., ii, 315. 
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tlie type of ionisation met with in the diatomic gases referred to 
above. ^‘It seems probable that materials capable of ionising in 
this manner should possess a characteristic spectrum.” In the 
second type of ionisation the molecule breaks up directly into a 
positive and a negative ion. (Naturally, the first type of ionisa- 
tion, in so far as it affects atoms, will ultimately, in certain cases, 
give rise to the same end-products as those obtained in a single step 
during the second type of ionisation ) The second type of ionisa- 
tion is met with in the case of hydrogen chloride, already discussed 
in the first section of this Report. ‘^Materials which are ionised in 
this manner probably do not possess characteristic spectra in the 
ordinary sense,” beyond the line in the far ultra-violet correspond- 
ing with the itnion of the two ions. It may be anticipated that the 
alkali haloids in the state of vapour exhibit the second type of 
ionisation. This would explain the known absence of any emis- 
sion spectrum characteristic of the salt. We would expect instead 
to observe the spectrum of the alkali metal produced by a recom- 
bination of the metallic ions with electrons. Further, the flame 
emission spectrum characteristic of the metals is suppressed by an 
excess of halogen. This finds a simple explanation on the basis that 
the excess of halogen in the flame ultimately gives rise to halogen 
ions in relatively large amount with which the metallic ions combine 
rather than with the electrons. 

The Atomic Model of Bohr and the Structure of the Helium Atom, 

One of the main objections to Bohr’s theory of the structure of a 
molecule such as that of hydrogen is that it requires the hydrogen 
molecule to be paramagnetic, whilst it is, in fact, diamagnetic. An 
attempt has been made ^ to reconcile Bohr’s theory with the actual 
diamagnetism of hydrogen on the basis of rotations and vibrations 
as well as of translatory movement of the molecule, so that although 
the structure is inherently paramagnetic the gas would behave as 
though diamagnetic. The plausibility of this explanation has been 
adversely criticised by Oxley in the light of recent experimental 
data, and the conclusion is drawn that thermal oscillations and 
rotations have little to do with the origin of diamagnetism, and 
that, in fact, the Bohr model for the molecule is incorrect. Oxley 
concludes that the free hydrogen atom is probably paramagnetic, 
bjit that the structure of the molecule must be such that by com- 
pensation <4 electronic rotations it is as a whole diamagnetic. A 

2® P. D. Foote, and F. L. Mohler, J, WcuiMngton Acad. Sci.^ 1920, 10, 436 ; 
A., ii, 666. 

a* L B. Ashworth, Nature, 1920, 105, 516. Ihid., 581. 
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diagrammatic representation of such a model was already given by 
Oxley.®^ 

A further criticism of Bohr’s theory of the hydrogen molecule is 
that it leads to a value for the heat of dissociation of the gas into 
neutral atoms which is too low, namely, 60,000 cal. per gram*mole- 
cule, the best observed value being 85,000 cal. The mechanism of 
this dissociation has been considered in some detail by M. Blanck.^ 
This quantity at sufficiently low temperatures is necessarily equal 
to the difference between the energy of the molecule and that of 
the two atoms Planck discusses three different modes of dissociation. 
On the first it is assumed that the electrons in atoms and in the 
molecules describe circular orbits with single quanta; on this basis, 
which is Bohr’s original basis, the heat of dissociation is found to be 
62,100 cal. On the second assumption, that in all the atoms and 
molecules those electronic orbits which possess less than one quan- 
tum are correspondingly probable, the heat of dissociation on the 
basis of the classical mechanics is infinite; on the theory of rela- 
tivity it becomes 570,000 cal., a quantity which is much too great. 
The third assumption is that in .addition to circular orbits the elec- 
trons perform pendulum movements; this leads to the much better 
value, 140,000 cal. Planck concludes that the assumption of circu- 
lar orbits is not justified. Sommerfeld somewhat earlier had con- 
sidered elliptical orbits, and had applied the principal of relativity 
to these in order to explain the fine line spectrum. 

Attention has already been drawn to a further discrepancy 
between Bohr’s theory and experiment, namely, the existence of 
positively charged hydrogen molecules as indicated by the work 
of Franck, Knipping, and Kriiger. It has also been shown by 
Born (compare section on the energetics of the crystal lattice) that 
Bohr’s theory is inapplicable to crystals. 

Finally, a brief reference may be made to the work of L. 
Schames.®^ It is known that the moment of inertia of a molecule 
can he calculated from the chemical constant of the substance. 
Assuming the molecule to be a di-pole, it is possible to obtain the 
distance between the two charges from the moment of inertia, and 
from this, in turn, to calculate the electric moment by applying the 
quantum theory. Using the ring electron structure and carrying 
out these calculations for the case of water-vapour and carbon 
dioxide, Schames has obtained values for the electric moment which 
are much greater than those obtained by Jona on the basis of 
Debye’s theory from the temperature-coefficient of t.lTe dielectric 

Nature, 1920, 106, 327. 

** Sitzungsher. Preuss. Akad. WUs. Berlin, 1919, 914 ; .4., ii, 423. 

** Phydkal Zeitsch, 1920, $i, 166 ; A., ii, 30L 
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capacity of tlae gas. The discrepancy suggests that the electrons 
are not arranged in a ring round the nucleus, but in some spatial 
arrangement, such as that given by the G. N. Lewis cubical atom 
model. 

We now turn to the problem of the structure of the helium 
atom. On the theory of Bohr the helium atom is regarded as 
consisting of a nucleus carrying two positive charges with two elec- 
trons rotating in the same direction and in the same orbit around 
the nucleus. On this basis Bohr calculated the ionisation potential 
of helium to be 28*8 volts. The value actually found is 25*0 volts 
in very pure helium, a result in good agreement with earlier 
measurements, namely, 25*4 ±0*25 volts. Whilst Bohr’s theory, as 
already pointed out, appears to be exact for the simple case of an 
atom having one electron, that is, for the hydrogen atom and 
the positively charged helinm atom, the discrepancy between the 
observed and calculated values of the ionisation potential of the 
neutral helium atom is sufficiently great to cast serious doubt upon 
the correctness of the model suggested by Bohr for this case and 
for all other cases involving more than one electron. 

In connexion with helium, I. Langmuir has shown recently that 
the experimental value may be accounted for by attributing to the 
electrons a type of motion first suggested by Lande in connexion 
with crystals — already considered in a previous section — in which 
the electrons do not complete a circular or elliptic orbit, but at a 
certain stage are made to retrace their path, owing to the repulsion 
of a neighbouring electron. The helium atom, as envisaged by 
Langmuir, consists of the nucleus and the two electrons lying in 
the same plane, the electrons being placed symmetrically with 
respect to the nucleus. The electrons move with equal velocities 
in this plane, one in a clockwise the other in an anti-clockwise 
direction. If there were no forces of repulsion between the two 
electrons, and if suitable velocities were chosen, the electrons would 
move in a single circular orbit about the nucleus, but in opposite 
directions. That is, they would pass through one another twice in 
each completed rotation. Owing to their mutual repulsion, how- 
ever, as they approach one another, their velocity may he reduced 
to zero, and with suitable choice of velocity they may be made to 
retrace their path when only a part of the orbit has been traversed. 
In fact, they never cross a line drawn through the nucleus at right 
angles to the line joining the nucleus and electrons when the latter 

F. Horton and (Miss) D. Bailey, Phil. Mag.^ 1920, [w], 40, 440 ; A.j 
ii, 660. 

J. Franck amd F. Ehipping, Plvysihal. Zeitsch., 1919, 20, 481 j A., ii, 72, 
»« Science, 1920, 51, 606 ; A., ii, 666. 
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ar© farthest apart. Laugnmir has calculated that the path of each 
electron is very nearly an arc of an eccentric circle extending 
77° 58^ each way from the mid-point of swing, as measured from 
the nucleus. The movement of each electron is analogous to the 
movement of a pendulum bob in which the string is somewhai, 
lengthened as the bob swings towards its position of maximum 
potential energy. Applying the quantum theory, Langmuir finds 
that the radius vector for the electron at its mid-point is O' 2534 x 
10 cm., which is roughly four-fifths of the radius of the com- 
pleted orbit in Bohr's model. Even at the end of the swing the 
calculated radius (0'2882 x 10“® cm.) is slightly less than that calcu- 
lated by Bohr. The number of complete “ oscillations ” per second 
is 1*22 times the number of ''revolutions’' of the Bohr electrons. 
Finally, the ionisation potential calculated on the new type of 
motion and structure is 25 '59 volts, which agrees reasonably well 
with the observed value. Not only is the ionisation potential 
accounted for in a much more satisfactory manner than it is on 
the Bohr model, but, by restricting the movement of the electrons 
to certain portions of the sphere surrounding the nucleus, as is done 
in the above model, we are obviously approximating to the condi- 
tions lepresented in the well-known octet theory of atomic struc- 
ture, which in the hands of Langmuir has been shown to be the 
most satisfactory one from the chemical point of view. 


The Mobility of Electrolytic Ions 

Attempts®^ have been made in recent years to account for the 
observed velocity of ions in a field of electric force by applying 
Stokes’s well-known expression. According to this expression, the 
velocity should vary inversely as the radius of the ion. Whilst 
this conclusion is borne out more or less exactly by a considerable 
number of large and heavy ions, it is not borne out in the case 
of simple ions, especially those of the alkali metals. Thus the 
atomic volumes of the alkali metals increase from lithium to 
csesinm, and it can scarcely be doubted that the corresponding 
ions follow the same sequence. That is, the lithium ion should 
travel most rapidly, the caesium least rapidly; this, however, is 
the reverse of what is found. 

The difficulty has been explained on the familiar assumption of 
hydration, this term being employed! to denote one or more definite 
stoicheiometric compounds of ion and water molechles. The 

B. Lorenz, Zeitsch, anorg. Ohem., 1919, 105, 175 ; H., 1919, ii, 212 ; 
R., Lorenz and L Posen, ibid,, 1916, 94, 265 ; A., 1916, ii, 312 ; R. Lorenz, 
Zeitsch, EhUTochem., 1920, 26, 424 ; A,, ii, 729. 
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smaller the actual magnitude of the ion, the more intense is the 
electric field at its surface, and consequently the greater the 
tendency to attach water molecules. The latter process has been 
subjected to a fairly rigorous treatment by Born,^® commencing 
with the idea that definite hydrates are not necessarily formed, 
but that, instead, a certain degree of condensation or compression 
of the water molecules occurs in the immediate neighbourhood of 
each ion, a water molecule being regarded as an electric di-pole^® 
of known moment. A number of the water molecules, in virtue 
of their polarity, orientate themselves in a certain way with respect 
to the ion. When the latter is set in motion, the water molecules 
are dragged along with it, and so slow down the speed o'f the ion, 
each di-pole suffering at the same time a certain amount of torsion. 
These effects have been allowed for by Born in making use of 
Stokes’s expression in its usual form, in which, however, an 
apparent radius ” term, r^, is substituted for the actual radius, r. 
The relation between r and is given by the expression 



where Tq is a constant, called the characteristic radius, and is 
defined hj 



anFM 


in which F is the faraday, M the moment of the di-polar water 
molecule, B the gas constant, T the absolute temperature, n rhe 
valency of the ion, and a a quantity, the maximum value of which 
is unity, the minimum value being l/e, where 6 is the dielectric 
capacity of the medium. The expression for F (that is, the value 
which must be inserted in Stokes’s expression in order to account 
for the observed velocity) becomes identical with the actual radius 
r for large ions. As we pass to a consideration of. smaller ions, 
the value of F falls to a minimum, given by and then rises 
rapidly as r itself further falls, so that for very small ions the 
value of r' is decidedly greater than r. 

A preliminary test of the validity of the expression for F con- 
sists in showing that Tq has the proper atomic dimensions. Insert- 
ing the usual values for n, F, B, T, and the value Jf = l‘87 x 10”^® 
e.s.u.f as determined by M. Jona,^o ft is found that = 1*47^0. 
Since a varies between 1 and 1/81 for water, the value of Tq lies 

Zeiisch. Mehtrochem., 1920, 26, 401. 

Compare P. Debye, PhysiJcal. Zeitsch., 1912, 13, 97 ; Ber, Deut physikai, 
Qes„ 1913, 15, 777. 

PhysiJcal. Zmtsch., 1919, 20, 14; A., 1919, ii, 130. 
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between 10”^ and 10'® cm.; that is, it is of the right order of 
magnitude. 

The equation connecting and r can be applied quantitatively 
to the case of ions by assuming that the cesium ioii corresponds 
more or less exactly with the minimum value of the apparent 
radius, that is, The apparent radius for this ion is 

found experimentally to be 1‘llxlO"® cm. Hence 
t-q = 0*833 X lO-® cm. 

Employing this value, Born finds the following values of r and 
for a number of univalent ions: 


Ion 

. Cs. 

Rb. 

K. 

Na. 

Li. 

I. 

Br. 

Cl. 

Apparent radius (r'x 10®) 1*11 

M2 

M7 

1*74 

2*26 

M3 

M2 

M5 

True radius {r x 10®) .. 

. 0*83 

0-77 

0-69 

0-51 

0*45 

0-95 

1 0-77 \ 
10-921 

0*73 


The true radius is that calculated from the apparent radius by 
means of the equation first mentioned. The conclusion to be 
drawn is that in the case of the alkali ions, altliougli the apparent 
radius increases as we pass from caesium to lithium, this is not 
incompatible with the fact that the true radius diminishes. The 
discrepancy referred to at the beginning of this section is thus 
explained. It may be pointed out, however, that Born's theory, 
although satisfactory, cannot be regarded as numerically exact, 
owing to the doubt which exists in connexion with the value of a. 
Numerical values can only be obtained at the present time by 
making an assumption, necessarily somewhat in eri'or, in connexion 
with the magnitude of the apparent radius of the cjesium ion. 


Mectrical Gonductivity of Solid and Fused Salts^ 

In the Report for 1918 reference was made to the work of 
J. C. Grhosh on the anomaly of strong electrolytes, in which 
Milner's concept of complete ionisation at all dilutions was 
employed to account for the observed conductivity. The lattice 
theory of crystalline salts, reviewed in the first section of the 
present Report, involves, obviously, a structure analogous to that 
of complete ionisation. G-hosh'^^ has applied his former method of 
treatment to the case of solid salts, pointing out that although 
ionisation is complete, the ions are not free to move until very 
high temperatures are attained. The number of free ions in the 
case of a uni-univalent salt is then given by 

( 1 ) 

where N is the Avogadro constant and IF is the work which must 
T., 1920, 117, 823. 
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be done at temperature T by the ions of 1 gram -molecule to over- 
come the elastic forces to which they are ordinarily subjected. It 
follows that the specific conductivity, /a, of a solid salt is expressed 
by the relation 

( 2 ) 


where v is the molecular volume of the salt and U the average 
mobility of the ions at the temperature T. 

G-hosh considers that the variation of IP" with temperature may 
be obtained by an application of Neriist's heat theorem, the system 
being a condensed one, thus: 


W = Wq + ^TK 


The magnitude of W depends on the purely local forces at a point 
inside the solid, and may be regarded as running parallel with 
the elastic rigidity. Since the latter diminishes as the tempera- 
ture rises, W will diminish, and consequently i8 is a negative 
quantity. At the melting point, where the purely local part 
of the forces is negligible, Ghosh assumes 

^ can thus be expressed in terms of Wqj so that, finally, we have 

( 3 ) 

The variation of the mobility, of an ion in a solid with rise 
in temperature is accounted for in a way analogous to the former 
electron theory of metallic conductors. This leads, finally, to the 
expression 

U = constant j \/T (4) 

On combining (2), (3), and! (4), we obtain 


W,(T.-T,) ( I 1 1 
2B \T,T, Tjj 


loga 




. (5) 


This expression contains only one unknown constant, Wq, which 
can be easily obtained from any two observed values of p. On 
comparing the observed specific conductivities of solid salts with 
the values calculated by means of equation (5), satisfactory agree- 
ment is obtained. By way of illustration, the results obtained in 
the case of sodium chloride are quoted in the following table, the 
final column of which contains the activity-coefficient, calcu- 
lated from equation (1), namely, 
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2ET 


- log, 


2n 


log. 


Compare Ann. Reports, 1917, 14* 11. 
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Sodnim Chloride. 

Fo = 51*2 kilo.-cal. !r^=1083 abs. 


T abs. 

ja calcd. X 10®. 

observed r. 10®. 

a. 

903 

— 

12-6 

0-0127 

923 

21-2 

21 '2 

0-02i0 

943 

35-4 

35-0 

0-03t]3 

983 

91-0 

95-0 

0-0988 

1023 

240-0 

240-0 

0-2551 

1073 

729-0 

729-0 

o-8o:u 


It may perhaps be pointed out that the values obtained by 
Ghosh for are very similar to the latent heat of sublimation at 
absolute zero calculated by Haber and Reis (compare first section 
of this Report). One would rather have expected 11^, to be 
analogous to a latent heat of fusion, the IT term by definition 
representing a free energy change, the latent heal, representing an 
internal energy ternn 

It follows from equation (3) above that at the melting point 
all the ions are free to move past one another, since IF is zero at 
this temperature, and consequently the activity-coeiheient as 
defined above becomes unity for fused salts [compare equation 
(1)]. Hence the specific conductivity of fiised salts does not vary 
with the temperature in a logarithmic manner. This is to be 
expected, as all the ions present contribute to the conductivity. 
The latter is thus found, in agreement with experiment, to vary 
linearly with the temperature, such variation being due entirely 
to a change in the mobility of the ions. 


W. C. McC. ToEWis. 
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Many papers have been published on orthodox inorganic chemistry 
during the last year, and several of these awaken more than a pass- 
ing interest. There have appeared, however, four papers by Aston, 
Eutherford, Harkins, and Wendt and Landauer, which outshine 
all others in importance, for without question they bid fair to revo- 
lutionise the fundamental conceptions of chemistry. Whilst by 
some the signs of the impending change have been recognised, the 
majority of chemists must now awaken to the fact that a new 
philosophy is being born. The brilliant discoveries of Soddy and 
Fajans' of the existence of isotopes mark the first real step after the 
discovery of the production of helium in the radioactive disintegra- 
tion of atoms. About the same time Thomson, Collie, Patterson, 
and Masson stated that helium and neon are produced in hydrogen- 
filled vacuum tubes under the influence of a powerful electric dis- 
charge. Very soon afterwards appeared the Harkins theory that 
all elementary atoms are built up either of helium atoms or of 
atoms of helium and hydrogen. Last year the next step was 
gained when Eutherford succeeded in disrupting the atom of 
nitrogen. 

It may now be said that the whole story is practically complete, 
and a wonderful story does it prove to be. Perhaps the most 
startling of all the new knowledge gained is that on the oxygen 
standard all atomic weights, with the exception of hydrogen, are 
exact whole numbers, and that the fractional values we have 
accepted as the result of highly accurate work are merely fortui- 
tous statistical averages due to a mixture of two or more isotopes. 
Whilst this has been proved by experiment, it also is a necessary 
corollary of the theories of atomic structure. In the annual Eeport 
for 1917 reference was made to Harkins’ theory that all elementary 
iftoms are built up of helium atoms or helium and hydrogen atom^ 
This theory has now been published in its complete form, and h 
carries conviction in its train. An essential feature is that the 
hydrogen isotope H 3 plays an integral part in atomic structure, that 
it has a definite power of existence, and that very probably it is 
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identical with the nebular material called nebiilinm. First de- 
tected by Thomson, then more fully confirmed by Aston, H3 has 
now been prepared from hydrogen. 

Then, again, Eutherford has shown that by the disruption of the 
atoms of oxygen and nitrogen an element of mass 3 is produced, 
which, however, is an isotope of helium. Eutherford considers that 
the atom of mass 3 which enters into the nuclear structure of atoms 
is this helium isotope and not H3 as Harkins assumes. 

Whichever view may prove to be correct, there can now be little 
doubt that all elementary atoms are built up from helium or from 
helium and atoms of mass 3, and, moreover, it is accepted by the 
new school that helium itself is built up from four atoms of hydro- 
gen. The added importance of Collie’s work on the formation of 
helium and neon in hydrogen-filled vacuum tubes is manifest, for 
it has now become an obvious result from the new theories. 

Another most interesting aspect of this new kno'‘’iedge is that 
the synthetic process whereby our elements are known io be 
produced during the life history of the stars from the original 
nebulium by way of hydrogen and helium can now be understood. 

It is difficult io write of these discoveries and t, henries in a calm 
and measured fashion. They are so great in their achievement, so 
stupendous in their meaning, and so subversive in their efl'eci that 
some enthusiasm may perhaps be allowed to him wlio records them. 
Strange it is that after all these years the old hypothesis of Prout 
should rise triumphant, for, in a word, it is this that has occurred. 
In the Eeport for 1914, when the discovery of isoi.opes and Collie s 
work had been announced, the writer ventured to write the foliow^- 
ing words: “As did his forefathers of pre-Avogaclro days, so also 
does he (the chemist of to-day) now await that great generalisation 
which shall co-ordinate and link up all the threads to found a new 
philosophy. Eadioactivity, enhanced line spectra, tlie intra-siellaT 
elements, active nitrogen and oxygen, atomic disintegration, 
atomic-weight variation, all will be unified and embodied in the 
new philosophy of the tw’^entieth century. Then will a new chem- 
istry in its greater meaning emerge as a phoenix from the glowing 
parental fires of the many chemistries of to-day." 

Little apology is needed for making this quotation, since the 
prophecy seems to be almost complete in its fulfilment. 

Atomic Theory, 

In the Eeports for 1913 and 1914 reference was made to the work 
of Thomson, of Collie and Patterson, and of Masson on the pro- 
duction of helium and neon from hydrogen at low pressures under 
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(-he influence of the electric discharge. Negative results were 
recorded by Strutt and by Merton, but Collie, using Merton's own 
apparatus, obtained definite evidence of the formation of both 
these gases. Some further experiments have been carried out dur- 
ing this year, and once more negative results have been obtained.^ 
In view of the fact that Collie himself more than once obtained 
negative results when using different induction coils, the writer 
suggested that the explanation of the divergence of the results 
obtained by different observers is to be found in the fact that a 
particular type of discharge is necessary. Piutti and Cardoso, 
whilst admitting that our rudimentary knowledge does not permit 
us to discuss this explanation, point out that their results 
strengthen the probability against it. They say that as in the 
somewhat analogous case of active nitrogen, where considerable 
divergence of opinion existed, it would be advisable that joint work 
be carried out systematically in order definitely to settle this 
important question. 

There is little doubt that the trend of recent ideas will create 
less antagonism to the formation of helium and neon in vacuum 
tubes than was the case six years ago. The work of Rutherford on 
the disintegration of nitrogen and oxygen atoms has undermined 
the old confidence in the immutability of the atom. On the other 
hand, all other experimental work has been in the direction of the 
disruption of atomic nuclei, whilst Collie's work means a synthesis 
of atomic nuclei heavier than the parent hydrogen. 

There can be no question that one of the most complete theories 
advanced as regards the structure of atomic nuclei is that by 
Harkins.^ His earlier papers were reviewed in the Report for 
1917. According to this theory, the elements are of two kinds, 
namely, those of even atomic number, the atomic nuclei of which 
are composed of helium nuclei alone, or helium nuclei together with 
cementing electrons, and those of odd atomic number, the nuclei of 
which are composed of helium and hydrogen nuclei together with 
cementing electrons. Further, the helium nucleus consists of four 
hydrogen nuclei, together with two cementing electrons, the loss of 
mass being due to the packing effect. The helium nucleus is the 
most stable configuration of all, whilst next in order of stability 
comes the group of atoms or even atomic number. An interesting 
fact arises in connexion with the number of hydrogen nuclei which 
are associated with the helium nuclei in the second class of elements. 
In the case the lighter elements with odd atomic number this 
number is always three save in the exceptional case of nitrogen, 

1 A. Pintti and E. Cardoso, J. Ghim. phys., 1920, 18, 81 ; A., ii, 311. 

^ W. D. Harkins, Physical Rev,^ 1920, 15, 73 ; A., ii, 479. 
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where it is two. The extremely frequent occurrence of this group 
of three hydrogen nuclei suggests that it probably occurs alone as a 
unit with a nuclear charge equal to 1 and atomic weight of 3, and 
therefore structurally it will be an isotope of hydrogen. If the 
hypothetic nebulium exists at all it is probably this form of hydro- 
gen, and it is interesting that from a study of the Doppler effect 
the atomic weight of this element has been found to be about 3.^ 
Now there is one point in connexion with the Harkins theory 
which requires consideration. If, for example, the elements with 
even atomic numbers are formed from helium nuclei, why is it that 
they are not more unstable in view of the fact that the helium 
atom is the most stable form? It would seem necessary to con- 
clude that the elements are metastable, and that they are able to 
exist owing to their possessing an external force held. If this is 
broken by the supply of energy, then the atomic nucleus will 
become unstable. If this principle of external fields is accepted, 
then it only becomes a question of supplying the right amoimi of 
energy to the hydrogen atom for the association i o become possible 
of three or four nuclei to form H 3 or helium. On the Harkins 
theory, therefore, there is no reason against the production of 
and helium in vacuum tubes from hydrogen if the discharge em- 
ployed produces the suitable type of energy. Indeed, such a 
phenomenon is rather to be expected than denied in view of the 
stability of the helium nucleus. The writer is therefore all the 
more encouraged to insist on the correctness of his suggestion made 
in 1914: that the contradictory results obtained by Thomson, Collie, 
Patterson, and Masson on the one hand, and by Strutt, Piutti and 
Cardoso on the other, are due to the absence of sufficient energy of 
the right kind in the latter and negative experiments. There are 
two alternative possibilities as to the nature of the energy required 
to break open the fields of the hydrogen atom. It may either be 
radiant energy of short wave-length or it may be energy given by 
rapidly moving particles. The production of either of these in a 
given vacuum tube varies remarkably with the conditions. The 
importance of this work has undoubtedly increased, and it is a 
matter of some moment that the question as to the production of 
helium from hydrogen be decided. 

Beference may here be made to a branch of investigation which, 
although not chemical, must possess great interest for the inorganic 
chemist, namely, stellar development. According to the modein 
views of astro-physicists there is little doubt that in 'the stars a 
development process is taking place whereby the chemical elements 
are being synthesised from hydrogen and helium as parents. Now 
® 0. Fabry and H, Buisson, Astropkya. J., 1914, 40, 256, 
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it would seem fairly certain from a study of tlie spectra and rota- 
tional velocities of certain nebulae, particularly tbe one in Orion, 
tliat the original material from which the synthetic process starts 
is nebulium, which as the first stage in the process forms hydrogen 
and helium. When it was discovered that the probable atomic 
w'eight of this gas is 3, it appeared somewhat incomprehensible that 
a synthetic process should give both hydrogen and helium. In all 
probability, on the basis of Harkins’ theory that nebulium is Hg the 
first stage is the formation of hydrogen, which then associates to 
give helium, which in its turn associates to give elements of even 
atomic numbers. If this is so, by far the greatest amount of con- 
densation will take place in the direction of the elements of even 
atomic numbers. The great predominance of elements of this class 
has been pointed out by Harkins, who offers two explanations of 
the relative scarcity of the elements with odd atomic numbers which 
consist of helium and Hg atoms. First, their scarcity may be due 
to their relative instability, and secondly, there may have been 
present during the synthetic process relatively little H 3 . The first 
alternative is unsatisfactory, for at present there seems little, if any, 
direct evidence that the elements of odd atomic numbers are less 
stable than their fellows. The second alternative fits in very well 
with the present suggestion, since, if the first stage is the pro- 
duction of hydrogen from Hg, and the second stage is the formation 
of helium from the hydrogen, it is probable that in any later 
association there will be present only small amounts of H 3 . The 
Harkins theory would therefore fill an undoubted gap in the 
theories of stellar development. 

An important paper has appeared during the year on the mass 
spectra, or positive ray spectra, of the elements by Aston, who 
describes his apparatus in detail and the most recent results he 
has obtained.^ The principle of the method consists in producing 
the positive rays with a given element and passing them through 
slits. The rays also pass through an electric field and a magnetic 
field, and then impinge upon a photographic plate. A focussed 
spectrum is obtained in which the lines depend solely on the ratio 
of mass to charge. By varying the strengths of the two fields, any 
desired line may be brought on to the centre of the plate. All the 
measurements of the positions of the various lines are relative, and 
so one element must be taken as standard, and for this purpose 
oxygen was selected. The molecule of oxygen carries one charge, 
whilst the attmis carry one or two charges, with the result that with 
this gas three lines are obtained. The three lines are obtained at 
the scale readings 32, 16, and 8 respectively. Direct comparison 
^ F. W. Aston, FUl. Mag., 1920, [vi], 39, 611 ; A., ii, 344. 
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of tlie carbon, carbon monoxide, and carbon dioxide lines with 
these standards gave 0++ (6), C (12), CO ^28), and COo (44). 
Clearly, therefore, the whole number relation and the atkiitive law 
hold within the limit of accuracy, which is one pari in a thousand. 

The following results have been obtained with eleven elements. 
Neon, with an atomic weight of 20'2, gives two well-defined lines 
which correspond with masses 20 and 22 respectively. This gas, 
therefore, consists of two isotopes, with possibly a third, of mass 21, 
since there was observed a very faint line in this position. 

Chlorine shows four very definite lines, corresponding with masses 
35, 36, 37, and 38, with no indication whatever of a line corre- 
sponding with its atomic weight of 35*46. There is no escape, there- 
fore, from the conclusion that chlorine is a mixture of isotopes, and 
that two of these have masses 35 and 37. Whilst the lines 36 and 
38 may be due to two more isotopes, it is more probable that they 
are given by the hydrogen compounds of the two isotopes with 
masses 35 and 37. Strong lines were also observed at 63 and 65, 
due, no doubt, to the carbonyl compounds of the two isotopes. 
Again, if ordinary chlorine of average atomic mass 35*46 is a 
mixture of two isotopes 35 and 37, it is evident that the line of 
35 should be stronger than the line of 37, and this was actually 
found to be the case. A faint line was distinguishable at 39, which 
possibly is due to a third isotope. 

Argon shows three strong lines at 40, 20, and 13*33, which clearly 
correspond with particles of mass 40, carrying 1, 2, and 3 charges 
respectively. A faint companion was seen at 36, which is doubtless 
due to an isotope present in small amounts. The presence of about 
(3 per cent, would account for the fractional atomic weight deter- 
mined from the density. 

Nitrogen gives a line which cannot be distinguished from that of 
carbon monoxide, and a second line at 7, due to a doubly charged 
particle. Evidently, therefore, no isotope is present and nitrogen 
is a pure element. 

The measurements with hydrogen were more troublesome, owing 
to the fact that the position of the lines is so far removed from the 
reference standards. The difficulty was surmounted by comparing 
helium with the doubly charged atoms of oxygen and carbon (8 and 
6), Thomson’s Hg with carbon and helium, and hydrogen with 
helium. The results show definitely that both hydrogen and helium 
are pure elements, and that the mass of the helium atom is 4. The 
mean value for the mass of Hg is 3*026, and that for the^mass of the 
hydrogen molecule is 2*015. The atomic mass of hydrogen, there- 
fore, is clearly 1*008, and the nature of the Hg molecule is settled 
beyond question. 
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Krypton was found to exhibit perfectly definite evidence of being 
a mixture of five isotopes of masses 80, 82, 83, 83, and 86, with a 
probable sixth of mass 78. Measurements of these lines were made 
with singly, doubly, and trebly charged particles. There would 
seem, also, to be five isotopes present in xenon, with masses 128, 
130, 131, 133, and 135, but as only a minute quantity of this gas 
was available these results are only provisional. 

Mercury was also found to be complex, for the lines observed 
indicate the presence of a strong component 202, and a weak one 
204. There is also a strong band from 197 to 200, indicating three or 
four more components, but up to the present this band has not 
been resolved. 

Perhaps the most important generalisation that can be made from 
this work is the quite remarkable fact that with the exception of 
H 2 and Hg all masses, atomic and molecular, elementary and com- 
pound, so far measured are whole numbers within the accuracy of 
experiment. The number and variety of substances studied make 
the probability of this being true for all elements extremely great. 
It certainly allows of hypotheses being put forward of atomic 
structure far simpler than those which attempted to explain frac- 
tional atomic weights, since these now appear to be merely for- 
tuitous statistical effects, due to the relative quantities of the 
isotopic constituents. Thus it may now be supposed that an ele- 
mentary atom of mass M may be changed to one of mass M + 1 by 
the addition of a positive particle (H) and an electron. If both 
enter the nucleus an isotope results, for the nuclear charge is un- 
altered. If the positive particle alone enters the nucleus, an 
element of the next higher atomic number is formed. When both 
forms of addition give a stable configuration the new elements will 
be isobares. 

Apart from the intrinsic value of Aston’s work, its importance 
becomes very pronounced when considered along with theories of 
the nuclear structure of atoms. These lead undoubtedly to 
integral values of atomic weights, and Harkins explains the 
divergence from whole numbers by the existence of isotopes. 
These isotopes have now been shown by Aston to exist, and it is 
of interest to note that Harkins has obtained evidence of the 
separation of chlorine into two isotopes by diffusion experiments 
with hydrogen chloride.® 

On the other hand, Rutherford® has published further experi- 
mental data A^hich, to a certain extent, do not fit in with Harkins’ 
theory. When the swiftly moving particles from radium-(7 pass 

s W. D. Harkins, Science, 1920, 51, 289. 

® (Sir) Ernest Bntlierford, Proc, Boy. Soc., 1920, [A], 97, 374 ; A., ii, 541. 

EEE.~VOL. XVH. 0 
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through nitrogen, some of tlie atomic nuclei oi tliia gas are dis- 
rupted, and, as is now well known, kydrogen atoms are produced. 
Hydrogen atoms are not produced in oxygen under ilie same con- 
ditions. It is found, however, tliat both, oxygen and nitrogen 
give slower moving particles of mass 3 with charge 2. The 
nitrogen nucleus, therefore, can be disintegrated in two ways, one 
by the expulsion of the hydrogen atom, and the other by the 
expulsion of an atom of mass 3 carrying two charges. Since these 
atoms of mass 3 are five to ten times as numerous as the hydrogen 
atoms, it appears that these two forms of disintegration are 
independent and not simultaneous. It would follow also that the 
new atom when it has gained two electrons should have physical 
and chemical properties very nearly identical with those of helium, 
but with mass 3 instead of 4. The spectra of helium and this 
isotope should be nearly the same, but, on account of the marked 
difference in the relative masses of the nuclei, the displacement of 
the lines should be much greater than in the case of the isotopes 
of heavy elements like lead. It is very improbable that this isotope 
is connected with nebulium. 

In dealing with the nuclear constitution of the lighter elements, 
Rutherford naturally assumes that the new helium ivsotope forms 
an integral part of these nuclei. Thus he suggests that the carbon 
atom consists of four atoms of the helium isotope and that the 
nitrogen atom consists of four of these isotopes and two hydrogen 
atoms, whilst the oxygen atom is built up of four helium isotopes 
and one helium atom. It will be seen at once that there is an 
essential difference between this view and that put forward by 
Harkins, who considers that the carbon and oxygen atoms consist 
of three and four atoms, respectively, of ordinary helium. 

Now there seems no doubt that the helium isotope discovered by 
Rutherford is a different entity from Hg, which forms an integral 
part of Harkins’ theory, was first discovered by Thomson, now 
confirmed by Aston, and has recently been directly prepared by 
the activation of hydrogen.^ Aston has definitely shown that Hg 
carries one charge, and this fact, considered along with its form- 
ation from hydrogen, shows that it is an isotope of hydrogen. 
There thus exist two elements of mass 3, one an isotope of hydrogen 
and the other an isotope of helium. It is not possible yet to say 
definitely whether either alone or both together take part in atomic 
nuclear synthesis. 

In this connexion, the writer would draw attention to the very 
remarkable permanent contraction suffered by hydrogen when it 

’ Q. L. Wendt and R. S. Landauer, J. Amer, Ohem. Soc,, 1920, 42, 920 j 
A., ii, 425. 
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lias been activated and lost its activity. This point is detailed in 
the section of this Report dealing with the first groap of elements. 
Wendt and Landauer assume, of course, that H 3 ,, on keeping, 
regenerates ordinary hydrogen, but is it absolutely certain that this 
is the case ? Collie’s results on the formation of, helium in vacuum 
tubes containing hydrogen, his collateral results on the permanent 
diminution in the volume of hydrogen in vacuum tubes, considered) 
in connexion with the theories of atomic nuclear structure, lead 
inevitably to the conclusion that Hg, on keeping, gives little Hg, 
but mainly helium. Although this suggestion may sound very 
improbable to many, it is, in reality, far more probable than an 
ordinary chemical explanation, since it is scarcely possible to con- 
ceive that Hg in the presence of nitrogen would not form ammonia, 
but prefer to react with the glass of the reaction vessel. This 
suggestion has been privately communicated to Dr. Wendt. 

Atomic Weights. 

The Report of the International Committee recommends only 
one change, namely, that the atomic weight of scandium should be 
raised from 44T to 45*1. The work of Honigschmid, on which the 
new value is based, was referred to in last year’s Report. 

Three series of determinations have been made of the atomic 
weight of tin. Two of these involved the analysis of tin tetra- 
bromide by silver,^* ^ and the third depended on the direct electro- 
lytic estimation of tin in the tetrabromide.^^ The values obtained 
were 118*700, 118*699, and 118*703, respectively, which agree very 
well with the accepted value. 

The weight of a normal litre of methyl fluoride has been found 
to be 1*54542 grams as the mean of twenty-three determinations.^^ 
Prom this, the atomic weight of fluorine is deduced as 18*996, 
which is very close to the accepted value of 19. 

Some determinations have been made of the atomic weight of 
samarium by the anhydrous chloride-silver ratio. 12 mean 

of eighteen determinations, the value of 150*43 was obtained. 

In addition to the above, the following investigations may be 
reported. A determination has been made of the atomic weight 
of silicon by the analysis of silicon tetrachloride. The mean of 

® B. Brautier and H. Krepelka, J. Amer. Chem. Soc., 1920, 42, 917 ; A., 
ii, 437. ® H. Krepelka, ibid., 925 ; A., ii, 437. 

P. Baxter and H. W. Starkweather, ibid., 905 ; ii, 436. 

E. Moles anAT. Batuecas, J. Chim. phys., 19 J 9, 17, 537 ,* A,, i, 283. 

A, W. Owens, 0. W. Balke, and H. C. Kremers, J. Amer. Chem. Soo., 
1920, 42 , 616 ; A., ii, 316. 

G. P. Baxter, P. E. WeatheriU, and E. 0. Holmes, Jiin., ibid., 1194 ; 
A., ii, 487. 
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four experiments gave the value of 28-11, but as this is not 
accepted as final by the authors, this value must await confirmation 
By the analysis of bismuth chloride, a new value for the atomic 
weight of bismuth has been obtained. The ratio BiCiy;3AgCi 
gave 209-024, and the ratio BiClgrAg gave 209*027. The mean 
value 209-026 is one unit higher than the value at present 
accepted. 

Colloids. 

A few papers have appeared on the preparation and properties 
of inorganic colloids, and mention may be made of the following. 
A convenient method for the preparation of metallic sols jg 
strike an arc between poles of the metal under alcohol, using 
capacity in the circuit. With a current of 1*5 amperes and a 
capacity of 12-8x10-3 MF, colloidal solutions have been obtained 
of aluminium, antimony, bismuth, cadmium, cop])er, gold, lead 
platinum, silver, and zinc. The colloidal metal is produced much 
more rapidly than by the earlier Svedberg method. The stability 
of the sols is fairly great, and although a certain amount always 
separates, the bulk of the metal remains in solution. Gold and 
platinum are exceptional, since their sols are very unstable. 

Colloidal rhodium has been prepared by the addition of a 
slightly alkaline solution of formaldehyde to a slightly alkaline 
solution of the double chloride, NagRhCly, the reduction being 
carried out at 40*^. Under these conditions, a clear, colloidal 
solution of rhodium is obtained. This solution absorbs hydrogen 
to the extent of 2510 — 2960 times the volume of rhodium present. 
Similarly, the rhodium absorbs 346 times its volume of carbon 
monoxide at 12—14<^, and 1820 times its volume at 60°. The 
colloidal solution, slightly alkaline, causes a very slight combination 
of nitrogen and hydrogen to give ammonia, the reaction being con- 
siderably enhanced if the solution is made just acid with very 
dilute tartaric acid in the presence of potassium tartrate. 

Mention may also be made of some work on the preparation and 
stability of mercury sols.i^^ The most concentrated solution is 
obtained by passing a rapid stream of mercury vapour into cold 
water, but iu every case the sols are not very stable. Their 
stability is materially increased by the use of gum arabic as a 
protective colloid. ^3 

Birekenbach, ZtiUch. EUUrochm., 1920, 2f, 403 ; 

G. Borjeson and T. Svedberg, KolMd Zdtach., 1919, 25, 154 ; ii, 21. 
A and B. 0. Papaconstantinou, Compt. rend., 1920, 170, 1058 • 

^., 11 , 380. 17 Nordlund, Eolloid Zeitsck, 1920, 26, 121 • A ii 376 ’ 

« A. Gutbier and G. L. Weise, ibid., 1919, 25, 97 ; 
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The Bare Gases. 

Mention must be made of McLennan^s work on tbe production 
of belium on tbe large scale from natural gases. A large number 
of gases from natural sources in various countries was investigated, 
and tKe Bow Island gas supplied to the town of Calgary, in Alberta, 
was selected. Tbis gas consists of methane 91 '6, ethane 1*9, 
nitrogen 6*14, and helium 0*36 per cent., together with traces of 
carbon dioxide and water vapour. It is not possible to give 
details of the experimental plant employed, which followed the 
lines of the Claude oxygen-producing column. By its means, in 
two stages of working helium, was obtained of 87—90 per cent, 
purity. By the use of a second plant, this was further purified 
to 98 — 99 per cent. From the experience gained with these experi- 
mental plants, specifications have been drawn up for a commercial 
plant to deal with the whole of the Bow Island supply of gas. Six 
units are proposed, each dealing with about 62,000 cubic feet per 
hour, the average daily supply of gas being 9,500,000 cubic feet. 
The yearly output of helium of 97 per cent, purity would be about 
10,500,000 cubic feet, and the working cost would be considerably 
less than £10 per 1000 cubic feet. 

Group I. 

A most interesting paper has been published on the formation 20 
of triatomic hydrogen by various means from ordinary hydrogen. 
Hydrogen at atmospheric pressure, when submitted to the action 
of a-rays from radium emanation or passed through a silent dis- 
charge tube, is converted into an active form, and a similar result 
is obtained when the electric discharge from a large induction coil 
or transformer is passed through a vacuum tube, through which 
hydrogen is passed under a pressure of 2 — 8 cm. In each case, a 
small amount of an active form of hydrogen is produced, which is 
at once condensed on passing the hydrogen through a spiral tube 
cooled in liquid air. This active modification reacts with sulphur, 
arsenic, phosphorus, mercury, and nitrogen, and also reduces acid 
and neutral solutions of potassium permanganate. The amount 
of hydrogen that is converted into the active form in the experi- 
ments described has not exceeded 0*02 per cent. 

V^ry careful experiments have proved that the enhanced 
reactivity is n?^t due to the presence of ions, and also tbe substance 

J. C. McLennan, T., 1920, 117, 927. 
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differs in its chemical and physical properties from atomic hydrogen 
prepared by Langmuir, which was referred to in the Eeports for 
1912 and 1915. The polyatomic nature of the substance is 
indicated by the contraction in volume of the hydrogen when it is 
formed, and, moreover, positive ray analysis has shown the un- 
doubted existence of Hg molecules when the electric discharge is 
passed through hydrogen at low pressures. There is little doubt 
that the substance is indeed Hg. 

It is very unstable, and disappears very rapidly after it has 
been formed. This was shown by the increased reactivity that is 
observed when the flow of hydrogen through the silent discharge 
tube is increased. At atmospheric pressures it is found that the 
reactivity disappears within about one minute. 

Perhaps the most interesting phenomenon in these experiments 
is the permanent contraction that takes place in the hydrogen. 
This was noticed by Usher who carried out experiments on the 
synthesis of ammonia by exposing a mixture of hydrogen and 
nitrogen to the action of a-rays from niton mixed with the gases. 
In one case, a contraction of 0*24 c.c. was observed, but only 
0*006 c.c. of ammonia had been formed. Collie and Patterson®^ 
observed a similar disappearance of 3*6 c.c. out of 4*6 c.c. of 
hydrogen when the gas was sparked under reduced pressure with 
copper or aluminium electrodes. A possible explanation of this 
phenomenon is put forward in an earlier section of this Eeport, 
and it would, indeed, seem that this may prove to be even more 
interesting than the preparation of Hg, great as is the importance 
of this advance. 

Investigation has shown that lithium behaves similarly to sodium 
and potassium in forming soluble silicates containing a large excess 
of the acid over the base.^s Lithium metasilicate, LigSiOg, has 
been prepared in an insoluble and a soluble modification, the 
former having the formula LLSiOgjHoO. 

Brief reference may be made to some experiments on the action 
of alcohol on the sulphates of sodium.^* Dry alcohol acts on dry 
sodium hydrogen sulphate to give the intermediate sulphate, 
Na 2 S 04 ,NaHS 04 , and free sulphuric acid, which dissolves in the 
alcohol. No action takes place with potassium hydrogen sulphate. 
In the presence of moisture, sodium hydrogen sulphate is first 
converted into the intermediate sulphate, and then, finally, into 
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ordinary sodium sulphate. When an alcoholic solution of sulphuric 
acid (20 per cent, or less) acts on sodium sulphate in the cold, the 
intermediate sulphate is formed. Nitre cake consists of 
Na2S04,NaHS04 alone or mixed with either NaHS04 or Na2S04, 
according as the acidity is equal to, greater than, or less than, 
18 per cent. H0SO4. 

A process has been patented for the preparation of metallic 
potassium by heating potassium hydroxide and sodium in exactly 
equivalent proportions at 670° in the absence of air.^s Hydrogen 
is produced and the potassium is volatilised and may be condensed. 

Some further and, it may be said, conclusive work has been 
carried out on the possible existence of an alkali metal of higher 
atomic weight than csesium.^c The alkalis were separated from 
3500 grams of polliicite, which contains more than 30 per cent, of 
caesium oxide, and the mixture was carefully tested for the presence 
of the next higher homologue to caesium. There is no need to 
describe the experimental details, but no indication whatever 
was found of the presence of a new element. 


Group 11. 

A study has been made of the equilibrium conditions which 
obtain between arsenic oxide, calcium oxide, and water at 35° for 
those mixtures in which the arsenic oxide is in excess.^^ Evidence 
was found of the existence of two orthoarsenates of calcium, namely , 
dicalcium orthoarseiiate monohydrate, CaHAs04,H20, and mono- 
calcium orthoarsenate, CaH4(As04)2. The former is identical with 
the mineral haidingerite, and is stable in contact with a solution 
containing more than 27-5 per cent, of arsenic oxide, whilst the 
latter is stable with a lower percentage of arsenic oxide in the 
solution. 

Mention may be made of the fact that chlorine has no action on 
calcium carbide, whilst liquid bromine slowly reacts to give hexa- 
bromoethane and calcium bromide.^® The reaction is very slow, 
and 4*5 grams of the finely-powdered carbide treated with 45 grams 
of dry bromine for five weeks gave 22 grams of hexabromoethane, 
8 ‘8 grams of calcium bromide, and 0*2 gram of unchanged carbide. 

Reference was made in the Report for last year to the fact that 
the decomposition of barium peroxide takes place at a much lower 
temperature in the presence of silica, a certain amount of barium 

25 F. C. Wiokel and W, Loebel, D.R.-P. 307175 ; A., ii, 32. 
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silicate being formed. The influence of a great inimber of other 
oxides has now been studied by examining the heating curves of 
the mixtures in molecular proportions.^^ Cuprous oxide reacts 
violently with barium peroxide to give cupric oxide, which decom- 
poses barium peroxide catalytically, the optimum temperature being 
about 660°. Magnesium and calcium oxides start the decomposition 
of the peroxide at 250° and 310° respectively, whilst zinc oxide 
causes slow decomposition between 200° and 370° and foi-ms barium 
zincate. Zirconium oxide, stannous oxide, and stannic oxide have 
no action, but the oxides of cadmium, lanihaniim, and cerium act 
as pure catalysts. Aluminium oxide forms barium aiiiminate, and 
titanium oxide in molecular proportions gives a tiianate, probably 
BaTi 03 . With twice the molecular proportions of barium peroxide 
a basic titanate is produced. Litharge and barium peroxide 
between 300° and 400° evolve no oxj^gen, but form a brown sub- 
stance of unknown composition. Above 500° much oxygen is 
evolved, with the probable formation of BaoPbO^j. Vanadium pent- 
oxide reacts vigorously with barium peroxide. When equimolecular 
proportions are used, the reaction begins at 215° and is ended 
at 530°, Ba(V 03)2 being formed. With 2Ba02 the metavan aclate is 
first formed, but at 375° a second, very vigorous, reaction starts 
and the colour changes from brown to white, the product, apparently 
being Ba 2 V 207 . Tantalum pentoxide also reacts vigorously to give 
a tantalate. With arsenious oxide and three molecules of ])arium 
peroxide, arsenic oxide is first formed at 310° to 410°, and above 
465° oxygen is evolved and barium arsenate is formed. With 
antimony oxide at 200° oxygen is evolved with almost explosive 
violence. Bismuth oxide starts a gradual evolution of oxygen at 
about 250°, and higher bismuth oxides, or compounds of these with 
barium peroxide, appear to be formed. With chromium oxide no 
oxygen is evolved, and barium chromate is produced. The oxides 
of molybde?ium, tungsten, and uranium all cause evolution of 
oxygen and form molybdates, tungstates, and uraiiates respectively. 
The lower oxides of manganese are all oxidised and give barium 
manganate. Perric oxide acts catalytically, and gives barium 
ferrate, whilst nickel and cobalt also act catalytically and are 
changed into higher oxides, which do not agree in their properties 
with the known peroxides of these metals. 

It has been found that strontium sulphide is readily hydrolysed 
by water to give equimolecular proportions of the hydrosulplfide 
and the hydroxide.^® These two compounds do not form a mixed 

LA. Hedvall and N. von Zweigbergk, Zeitsch, amrg. Ghcm., 1919, 108, 
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compouiKij and the hydroxide may be separated by crystallisation. 
When strontium sulphide is extracted with hot water and the clear 
filtrate cooled, pure strontium hydroxide, Sr(OH)2, crystallises. 
The case is different with barium sulphide, aa the hydroxide and 
hydrosulphide form an additive compound, 0H-Ba*SH,5H20.3i 
Under no conditions can pure barium hydroxide be crystallised 
from the solution obtained by the action of water on barium 
sulphide. 

Brom a study of the equilibrium between zinc oxide, phosphoric 
oxide, and water at 25 ° and 37 °, the following phosphates of zinc 
have been found to exist: Zn3(P04)2,4H20, ZnHP04,3H20, 
Zn(H2P04)2,2H20, whilst at 37 ° an additional salt, ZnHP04,H20, 
is obtained. Similar investigations with sodium hydroxide solu- 
tions and zinc oxide have established the existence of 
]Sra20,Zn0,4H20 as a stable compound.22 

Gto'w'p III. 

An investigation has been made of the equilibrium conditions 
between aluminium nitrate, nitric acid, and water at 25 °, and it 
was found that three hydrates of the salt have a stable existence.®^ 
The first, A1(N03)3,18H20, is most stable in contact with the solu- 
tion containing 73 per cent, or less acid, the second, 
A1(N03)3,16H20, is stable with 73 — 81 per cent, acid, whilst the 
third, A1(N03)3,12H20, is stable in the presence of more than 81 per 
cent, of nitric acid. 

Some physical measurements have been made of the solutions 
obtained by dissolving aluminium in aqueous solutions of sodium 
hydroxide and of ammonium hydroxide.®® Whilst the physical 
aspect of this work does not fall within the purview of this Keport, 
the results have some value for inorganic chemists. It is shown 
that aluminium hydroxide neutralises the alkalis as a monobasic 
acid, and that the aluminates are salts of the acid HAl (011)4, that 
is, A1(0H)3,H20. Ammonium aluminate, NH4A1(0H)4, is quite 
stable in solution. 

Some further work may be reported on scandium fluoride and 
the scandifluorides.®® The best method for the preparation of the 
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pure fluoride is by the action of hydrofluoric acid on scandium 
oxide, the product being finally heated at 150—180° in order to 
remove the excess of hydrofluoric acid. Whilst the free scandi- 
fluoric acid does not exist, two new ammonium scandifluorides have 
been prepared. The salt, is hydrolysed in the 

presence of ammonium fluoride to give in quadratic crystals the 
salt, (NH 4 ) 2 ScF 5 . In warm or cold water alone the salt, 
(NH 4 )ScF 4 , is always obtained as a inicrocryst allin e |)owder. By 
the dissolution of scandium fluoride in a concentrated solution of 
silver fluoride a scandifluoride of silver is formed. 

It is known that lead nitrate and nitrite interact in solution to 
give well-deflned compounds containing both salts. Similarly, thal- 
lium nitrite and lead nitrate react to give basic compounds of both 
salts.^'^ In the case of potassium nitrite and thallium nitrate no 
such double salts are obtained, bnt thallium nitrate-nitrites are 
formed which are stable and can be crystallised unchanged. AVith 
two molecules of potassium nitrite and one molecule of thallium 
nitrate the compound formed has the formula TLK.Og. With dif- 
ferent proportions other salts are obtained, in which the ratio 
between nitrate and nitrite is not a simple one. 


Group IV. 

Since last year’s Report w^as w^ritten Sir Charles Parsons lias 
published a complete account of his experiments on the ariificial 
production of diamond.^® It is shown beyond any doubt that, high 
pressure alone is not sufficient to cause the conversion of graphite 
into diamond, and it is also shown that iron must be present. Ex- 
periments in which a mixture of acetylene and oxygen is highly 
compressed and a temperature produced in excess of that required 
to vaporise carbon, accompanied by a momentary pressure of 15,000 
atmospheres, prove that the failure to produce diamond is not due 
to lack of temperature. Many of the experiments, in wliich it has 
been claimed that diamond is produced, have been repeated, and 
negative results were obtained unless iron played a part. Experi- 
ments under vacua from 75 mm. up to X-ray vacua have shown 
generally that as the pressure is reduced the yield of diamond is 
diminished. On the other hand, when alloys, previously boiled 
under atmospheric pressure, are quickly heated in a high vacuum, 
violent ebullition takes place, due to the large volume of gases 
liberated, and some of the contents of the crucible arc ejected before 

R. J. Meyer, Zeitsch. anorg. Ohem,, 1914, 86, 257 ; A,, 1914, ii, 369. 

L. Rollo and G. Belladen, Gaezetta, 1919, 49, ii, 217 ; X., ii, 34. 

(Sir) 0. A. Parsons, FUl Trans., 1919, [A], 220, 67 ; A., ii, 110. 



IKOEGANIC CHEMISTEY. 


43 


they have time to part with their occluded gas, aud diamond occurs 
in the spherules so ejected. There is no doubt that these gases, 
possibly containing a ferro-silicon carbonyl, are necessary for the 
production of diamond. It seems almost certain that the chief 
function of quick cooling in the production of diamond in an ingot 
or spherule is to bottle up and concentrate into local spots the gases 
occluded in the metal which, under slow cooling, would partly 
escape, whilst the remainder would become evenly distributed 
through the mass. The necessity of subjecting the iron to a tem- 
perature above 2000° before cooling would imply the necessity of 
carbides of silicon, magnesium, etc., being present to ensure the 
necessary chemical reactions with the gases at high pressure within 
the ingot. The greatest percentage of diamond was obtained when 
the atmosphere round the crucible consisted of 95 per cent, of 
carbon monoxide, 1 per cent, of hydrogen, 2 per cent, of hydro- 
carbons, and 2 per cent, of nitrogen. The weight of diamond was 
about 1/20,000 that of the iron. It seems probable that the rate 
of cooling might be so prolonged as to obtain much larger crystals 
and a larger total yield. 

The presence of crystals of Si03, AI2O3, and MgO, the spinels, and 
pyrope, associated with diamond in rapidly cooled iron alloys, 
appears to have a bearing on the presence of similar crystals 
found in association with diamond, and to be compatible with 
Bonney’s view that eclogite is the parent rock of the diamond in 
South Africa. It seems probable that both the eclogite and the 
diamond may have been simultaneously crystallised from an iron 
alloy. Since the average weight of diamond in the blue ground 
of South Africa is 1 in 5,400,000, there has been produced in cooled 
iron more than 270 times this amount. 

Investigations were made during the war of the absorptive power 
of various vegetable charcoals and the improvement that is caused 
by heat treatment. These have now been published in part, and 
in the first paper the effect of heat treatment on the absorptive 
power of sugar charcoal for sulphur dioxide is described.^*^ After 
heating the charcoal for forty-five hours the amount of sulphur 
dioxide absorbed per gram was increased from 97 c.c. to 288 c.c. In 
a second paper exactly analogous results were obtained, and a 
possible explanation is suggested.^^ The main experiments were 
carried out with birch-charcoal, but other wood charcoals were used. 
The absorptive powers were measured with sulphur dioxide, carbon 
dioxide, and jg-lso aqueous solutions of methylene blue. It was 
found that the absorptive power is very materially increased by 
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the keat treatment, %vitli tke result that the activity of animal 
ckarcoal can be paralleled and even surpassed by wood charcoal. 

It was noticed that the heat-treatment is not the only factor in 
enhancing the activity, and the clue was found in the decrease in 
the bulk density of the charcoal during the heating process. If 
bhe heating is carried out in the absence of oxygen little or no im- 
provement in the activity is produced, and oxygen must be present 
for the activation to take place. The explanation is probably that 
in the case of a freshly prepared sample the capillaries through the 
material are exceedingly small, so that they are soon blocked when 
absorption takes place. When the charcoal is heated in the presence 
of oxygen some oxidation takes place, and the capillaries become 
wider, so that the effective surface is enormously increased. 

A convenient method has been described for the removal of carbon 
monoxide from its mixtures with other gases for analytical and 
hygienic purposes.^2 -phe carbon monoxide is very rapidly oxidised 
by chromic acid solution to which some mercuric oxide has been 
added. 

Some further work on the derivatives of the silicon hydrides may 
be reported. It w*as previously shown that dibroinomonosilane 
reacts with water to form polymerides of protosiioxane, 0 ’SiH 2 . 
The unimolecular form has now been obtained as a gas by the action 
of the required amount of water-vapour on dichloromonosilane in a 
very large dask under greatly reduced pressure. The compound has 
an extraordinary tendency to polymerise, in consequence of which 
the flask must be perfectly clean and smooth. Liquid and solid 
polymerides are formed immediately on condensation. The liquid 
ones are like benzene, and can be conveniently obtained as a solu- 
tion by shaking a benzene solution of dichloromonosilane with 
water. They correspond approximately with the formula (SiH20)6. 
The solid polymerides are insoluble. All the polymerides react with 
sodium hydroxide in accordance with the equation SiH«0 + 
2 Na 0 H=:Na 2 Si 03 -l- 2 H 2 . 

The behaviour of disilane, SLHg, towards halogen acids has been 
investigated, and is found closely to resemble that of nionosilane. 
Disilane does not appear to react yith hydrogen chloride at the 
ordinary temperature or at 120^, but in the presence of a little sub- 
limed aluminium chloride a reaction occurs more or less readily 
accordng to the general scheme : 

SigHfi -f ix;HCl==Si2H6_.,Cla?4- irH. 

A mixture of chlorides is invariably produced, the eqCtilibrium lying 
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in favour of tlie intermediate members of the series. Thus with 
hydrogen chloride (1 vol.) and disilane (less than 1 voL) the main 
product is dichlorodisilane, very little monochlorodisilane being 
obtained. With the gases in the volume ratio 2 : 1 much trichloro- 
disilane, in addition to dichlorodisilane, is obtained. Complete 
chlorination is not effected by a large excess of hydrogen chloride. 
It was not found possible to isolate monochlorodisilane in a pure 
state, and also the final purification of dichlorodisilane could not be 
effected, since it forms a mixture of constant boiling point with 
trichlorodisilane. There is no doubt that as in the case of the 
carbon compounds mixtures of isomerides are formed in the halogen- 
ation of disilane. 

The bromination of disilane has been carried out in a precisely 
analogous manner, and monobromodisilane, m. p. —100°' to —101°, 
has been isolated in a state of purity. 

The hydrolysis of the halogenated disilanes corresponds exactly 
with that of the similar monosilanes. Thus monobromodisilane 
reacts with water to yield the substance (Si2H5)20, a colourless 
liquid which can be volatilised without decomposition, and, when 
dissolved in benzene, instantaneously reduces cold silver nitrate, 
but not copper sulphate, solution. It reacts slowly, but quantita- 
tively, with sodium hydroxide solution in accordance with the 
equation (Si2H5)20 + 8NaOB[ + 31120 = 4Na2Si03-|- I2H2. The solid 
products obtained by the hydrolysis of dibromodisilane and the 
more highly halogenated derivatives closely resemble silico-oxalic 
acid, (H02Si*Si02H)^r. They are only slowly hydrolysed further 
by water, can be dried in a desiccator without marked decomposi- 
tion, evolve hydrogen when treated with alkali hydroxide, and 
finally yield a residue of silicate. Evidently the Si-Si linking 
remains intact in them, and appears to be more stable towards 
alkali than was at first thought. 

Amorphous zirconium may be obtained from potassium zirconium 
fluoride by means of sodium or aluminium, and the coherent form 
can be prepared from the same salt by aluminothermic reduction.^ 
The coherent metal is much less chemically active than the 
amorphous variety, and, unlike the latter, is insoluble in all acids 
except hydrofluoric acid and aqua regia. 

It has been shown that zirconium monoxide does not exist, the 
black powders obtained by the reduction of the dioxide by 
magnesium bemg mixtures of the metal and the dioxide.^® 

The iodates, perchlorates, and a chlorate have been prepared of 
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zirconium. Tlie following are described: Zr0(0H)2,2Zr0(I03)2, 
5Zr0(0H)2,8Zr0(I03)., 3Zr0(0H)2,4Zr0(I03)2, 
2Zr0(0H)2,Zr0(I03)2, 

3Zr0(0H)2,Zr0(I03)2, ZrO(C 104 )o,HC 104 , ZrO(OH)2,9ZrO(Ci04)o, 
and Zr0(0B[)2,3Zr0(C103)2. 

Following tbe method described in last year’s Report for the 
preparation of bismuth hydride, tin hydride has also been pre- 
pared.47 It is a gas that can be condensed by liquid air and 
volatilised without decomposition. Some preliminary experiments 
seem to show that lead hydride also can exist in the gaseous state. 

Group r. 

Investigations have been made of the electrolysis of a solution 
of ammonium azide in liquid ammonia at —67*^ with anodes of 
various metals.^® The evolved gases w^ere measured, and the loss 
of weight of the anode determined. Proof was obtained of the 
formation of the following azides: CuN^, CuN(j, AgNg, CdNg, 
PbNg, and SbNg. A deep red solution of ferric azide, FeNg, was 
obtained, but the compound was ammonolysed, and yielded an 
ammono-basic ferric azide. 

The equilibrium between nitric oxide and bromine and their 
reaction products has been studied between —15® and 330®. With 
bromine at pressures below 50 ram. and at temperatures above 
140®, nitrosyl bromide is formed, the amount of the tribromide 
present being negligible.*^^ Independent evidence of the existence 
of nitrosyl bromide and nitrosyl tribromide was obtained from the 
fusion-point diagram. The tribromide, NOBrg, is a brownish- 
black, almost opaque, liquid, which boils with partial decomposition 
at 32®. 

It has been found that red phosphorus acts as a reducing agent 
towards many metallic salts in aqueous solution, and very possibly 
the method may prove of use in qualitative analysis.^ The solu- 
tion of the salt is boiled with 0’2 gram of red phosphorus for a 
few minutes. Mercuric and mercurous salts are reduced to the 
metal, gold and silver salts give insoluble phosphides, whilst 
palladium and osmium salts yield either the metal or a phosphide. 
Stannic salts are partly reduced to stannous salts, ferric salts are 
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reduced to ferrous, iridic salts to irid'ous, selenates to tke element 
or a phosphide, molybdates to quadrivalent molybdenum salts, 
vanadates to tervalent vanadium salts, dichromates to chromic 
salts, and permanganates to manganous salts. Bismuth, lead, 
cadmium, antimony, and arsenic salts, arsenates, and stannous salts 
are not reduced, whilst tellurates and platinichlorides are very 
slowly reduced. 

When a few drops of phosphorus trichloride are added to an 
aqueous solution of arsenious oxide, the solution turns yellow, then 
opaque-brown, and finally a copious precipitate of arsenic is thrown 
down.®^ The reaction probably takes place in accordance with 
the equation As2|03-+-3PClo-i-9H20 = 2As-i-3HgP04 + 9 HCL The 
arsenic is amorphous, insoluble in carbon disulphide, and is appar- 
ently a new allotropic modification. The reaction takes place with 
arsenates and arsenites, and is very delicate, since the presence of 
0-000075 gram of arsenic per c.c. can be detected. 

Arsenic trichloride can very conveniently be prepared by passing 
carbonyl chloride over a mixture of arsenious oxide (80 per cent.) 
and carbon (20 per cent.) heated at 200 ^ to 260 °. The yield is 
almost quantitative.^^ 

Golden antimony sulphide is usually supposed to be a mixture of 
Sb^Ss, Sb^Ss, and some free sulphur. The compound, Sb2S5, how- 
ever, is now shown not to exist, and the golden sulphide, after 
extraction of the free sulphur, has the formula Sb2S4. This 
sulphide can also be prepared in the following way.®^ By the 
interaction of Schlippe’s salt and zinc chloride, zinc thioantimonate 
is precipitated. The crude salt contains free sulphur, and, after 
removal of this, the product has the formula ZugSb^Sg. On treat- 
ment with dilute acid, an orange-red residue is obtained, which has 
the composition Sb2S4. 

By the oxidation of bismuth oxide or hydroxide in the presence 
of alkali by chlorine, ammonium persulphate, or potassium ferri- 
cyanide, the higher oxides of bismuth have been prepared.^^ The 
tetr oxide was obtained as Bi204 and Bi204,H20, and of each of 
these there are two modifications, which are brown and purplish- 
black respectively. A third variety, Bi204,2H2P’, which is yellow, 
has also been prepared. Bismuth pentoxide monohydrate, 
Bi205,H20, is obtained by the oxidation process, but is mixed with 
the tetroxide. It can be prepared from sodium bismuthate by 
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F. Kirchhof, Zeitsoh, anorg. Ghem., 1920, 112, 67 ; A., ii, 693. 
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repeated grinding witli glacial acetic acid. Tlie anhydrous oxide 
does not seem to be capable of existence, as the moiioliydrate loses 
both water and oxygen in a vacuum over phosphoric oxide. 
Bismuth hexoxide has also been prepared by the oxidation process, 
and is anhydrous. 

Groii]) r/. 

The solubility has been determined of sulphur dioxide in 
sulphuric acid of various concentrations.^^ The measurements were 
carried out at 20 °, and the acid concentration was varied from 55 
to 100 per cent. It was found that a sharp minimum solubility 
occurs with an acid containing 86 per cent, of 112804 , and it is 
significant that the monohydrate, H 2 S 0 t,H 20 , contains 84-5 per 
cent, of H 2 SO 4 . 

The oxidation of ferrous chloride in presence of hydrochloric 
acid, and of ferrous phosphate in the presence of phosphoric acid, 
by sulphur dioxide has been studied. In the first case, the reac- 
tion takes place in accordance with the equation 

4FeCi3 4- SO 2 -f 4HCi = IFeClg -f 21120 + S . 

The maximum amount of ferric iron produced was about 9 per 
cent., and there seems little doubt that the reaction is reversible. 
In the second case, more feiTous salt is oxidised, and the view is 
expressed that the reaction 

4Fe(H2P04)2+ 4H3P04 4- S02=4Fe(H2P04)5 4- 21-120 + S 
is also reversible, but that it is modified by the formation of the 
stable complex formed by ferric phosphate and phosphoric acid. 

Grouf VII. 

A simple and rapid method has been described for the prepar- 
ation of iodine pentoxide, which depends on the oxidation of iodine 
to iodic acid by means of 24 — 26 per cent, chloric acid solution, 
the evaporation of the solution, and the dehydration of the iodic 
acid.®^ The solution of chloric acid is prepared as follows: 
625 grams of barium chlorate [90 per cent. Ba(C 103 ). 2 ] are dissolved 
in 1 litre of nearly boiling water, and the solution is poured into 
an earthenware crock. The required amount of hot sulphuric acid 
(obtained by mixing equal volumes of concentrated sulphuric acid 
and water) was slowly added. It is very necessary to have a slight 

F. D. Miles and J. Fenton, T., 1920, 117, 59. 

W. Wardlaw and F. H. Clews, iUd., 1093 ; W. Wardlaw, S. B. Carter, 
and F. H. Clevra, iUd.^ 1241. 

A. B. Lamb, W, C. Bray, and W. J. Geldard., J. rtwer. Ohmn, Bot,^ 
1920, 42 , 1636 ; A., ii, 615. 
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excess of barium chlorate rather than sulphuric acid, as the latter 
renders the iodine pentoxide less stable. The solution of chloric 
acid may be kept unchanged in glass bottles for several weeks. It 
is found that in the presence of 3 per cent, excess of chloric acid 
the net reaction with iodine is expressed by the equation 

I2 + 2HCIO3 = 2HIO3 + Clg. 

The mechanism of the reaction, however, does not consist of the 
direct replacement of chlorine by iodine. A considerable quantity 
of chloric acid is reduced to hydrochloric acid in accordance with 
the equation SL-hSHClOg+SHgO = 611103+ 5HC1. A solution 
containing hydrochloric and iodic acids loses iodine on evaporation 
according to the equation 2 HIO 3 + 10HCl = l 2 + 5 CI 2 + SH^O. This 
is prevented by an excess of chloric acid, which reacts with the 
hydrochloric acid, and it was found that an excess of 3 per cent, 
is sufficient. 

The iodine is oxidised in quantities of 500 grams, the reaction 
being finished in about twenty minutes. The iodic acid obtained 
on evaporation is heated at 150 — 160^ -for three hours. The final 
dehydration is carried out at 235 — 240° in a slow current of dry 
air. The iodine pentoxide is pure white, and has practically the 
theoretical oxidising value, and the yield is almost quantitative. 
The process has many advantages over the nitric acid method. 

With reference to this preparation of iodic acid, it is interesting 
to note that iodine replaces bromine when the former acts on an 
aqueous solution of potassium bromate, and that a similar reaction 
does not occur with bromine and potassium chlorate, whilst the 
reaction between iodine and potassium chlorate is more complex.®^ 
The following changes have been shown to occur : 

2KCIO3 + 21 + H2O = KHIgOg + KCl + HCIO 
and KHI 2 P 6 + KCl + HCIO = 2KIO3 + H2O + CI2. 

Potassium manganifluoride, K2MnF5,Ii20, has been prepared by 
the action of nitrous acid on potassium permanganate in the 
presence of hydrofluoric acid. 59 The permanganate is reduced by 
the nitrous acid. A manganous salt may also be used, in which 
case the nitrous acid acts as an oxidising agent. 

Grou^ VIII. 

It has been found that the yield of sodium ferrate obtained by 
the electrolysis of sodium hydroxide solution with iron anodes is 
very materially increased by superposing an alternating current 

G. Gruber, Zeitsch. physikal Ghem. XJnterr., 1920, 33, 107 ; ii, 684. 

I. Bellucci, Qazzetta, 1919, 49 , ii, 180 ; A., ii, 40. 
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ori tlie direct current. In one case the increase of yield was 160 
per cent. If the anode and cathode are separated, and the 
temperature of the electrolyte is not allowed to exceed 50°, at 
which the ferrates decompose, and an alternating current is super- 
imposed on the direct current, saturated solutions of sodium ferrate 
and the crystalline salt can be obtained. 

Some further work has been carried out on the influence of 
hydrogen sulphide on the occlusion of hydrogen ]>y palladium. 
The earlier experiments were discussed at some length in the 
Report for last year. In the earlier paper it was shown that when 
palladium is poisoned by hydrogen sulphide, and then heated at 
100° in a vacuum, an amount of hydrogen is evolved equal in 
volume to that of the hydrogen sulphide previously absorbed in 
the poisoning. The sulphur is retained by the palladinm, a com- 
plex of the formula Pd 4 S being formed. Dr. Maxted believes that 
palladium can dissociate hydrogen sulphide to form this complex 
and free hydrogen slowly at ordinary temperatures. When this 
takes place, more hydrogen is slowly occluded, and the total vohimc 
so occluded added to the volume derived from the hydrogen 
sulphide is equal to the true occlusive pov’er of palladinm for 
hydrogen, allowing for the palladium which has formed the 
complex. This explanation is based on the observation that a 
sample of palladium which has been completely poisoned by 
hydrogen sulphide slowly gains a power of absorbing hydrogen up 
to a fixed amount, and that the rate of absorption is faster the 
longer the poisoned palladium is kept before the hydrogen is 
admitted. 

This interpretation may be criticised from two point, s of view. 
In the first place, since the palladium dissociates hydrogen sul])hide, 
it is probable that this dissociation occurs at the time of occlusion, 
and that it is, indeed, the basis of the occlusion. In the second 
place, if palladium is absolutely completely poisoned by hydrogen 
sulphide, it should not gain, on keeping for an unlimited time, any 
power of occluding hydrogen. Dr. Maxted offers no explanation 
of his view that the occlusive power for hydrogen should be 
increased when the hydrogen sulphide is dissociated. True poison- 
ing must mean the absorption of hydrogen sulphide up to the 
point when a portion of the palladium is converted into the com- 
plex Pd 4 S, and the remainder is saturated with the hydrogen 
obtained by the dissociation of the hydrogen sulphide. Obviously, 
when this has been secured, no further hydrogen caii’^be occluded. 
It would seem far more probable that the poisoning obtained with 

G. Grabe and H. Gmelin, Zeitsch. Blehtrocliem., 1920, 26, 153; A. 
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hydrogen sulphide is not complete in the strict sense, but that the 
poisoning is concentrated on the surface. On allowing the partly 
poisoned palladium to remain, a more equal distribution of the 
hydrogen takes place, with the result that more hydrogen can be 
occluded. This is shown by the fact that, even after the palladium 
has been completely poisoned by hydrogen sulphide, it still 
possesses the power of slowly absorbing more hydrogen sulphide. 

The data are still too incom 2 :)lete for accurate calculations of the 
true equilibrium conditions. It appears that 1 gram of palladium 
has the definite power of absorbing 69 c.c. of hydrogen. Is the 
whole of this hydrogen dissociated into atoms, or are there two 
processes, first the occlusion of hydrogen as atoms, followed by a 
secondary effect of condensation as hydrogen molecules ? The 
second alternative seems the more probable, but the question can 
only be decided by accurate measurements of the dissociation 
pressures of hydrogeuised palladium. 

An investigation has been made of the hydrolysis of aqueous 
solutions of potassium platinichloride.^^ ig shown that A/ 50 
and more concentrated solutions are slowly and completely hydro- 
lysed in the dark, whilst A/ 100 and more dilute solutions undergo 
hydrolysis only when exposed to light. It is found that the hydro- 
lysis takes place at first very slowly, but after a time the rate 
increases, and this is attributed to the formation of some substance 
which acts as a catalyst. This view was supported by the fact 
that the addition of a portion of a photochemically hydrolysed 
solution to a fresh iV/ 100-solution of platinichloride causes the 
latter to undergo hydrolysis in the dark. 

The addition of a soluble chloride to the hydrolysed solution 
causes a complete reversal of the reaction, and this reverse reaction 
is influenced by light in much the same way as is the direct reac- 
tion. The influence of platinum-black in accelerating both the 
direct and reverse reactions in the dark is quite noticeable, but is 
not measurable when light is acting on the solutions. 

E. C. C. Baly. 
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Pjmit I. — Aliphatic Division. 

A suEYEv of tke literature shows that few laboratories have yet 
been able to devote much of their energies to systematic research 
on the pre-war scale. The present Report deals only with such 
papers as the writer considers of inrportance from the theoretical 
point of view or for new methods of preparation. A distinctive 
feature of this year’s literature is the number of papers dealing 
with the compounds used so extensively in chemical warfare, and 
with alternative methods for the synthesis of substances of which 
there was a scarcity in the belligerent countries. 

Hydro carl) ons. 

Yery few investigations on hydrocarbons have been described 
during the year, but it is of interest to gauge the success attend- 
ing the strenuous efforts made in Mid-Europe to use paraffin for the 
production of fatty acids and their esters to overcome the shortage 
of natural fats. The usual method was to heat the hydrocarbons of 
high molecular weight with oxygen or air, generally under pressure 
in the presence of a catalyst. Thus, in the presence of manganese 
compounds, C. Kelber^ converted a paraffin wax (m. p. 50°), by 
the action at 150° of a stream of finely divided oxygen, into a 
mass of which more than 35 per cent, consisted of fatty acids in- 
soluble in water, and about 25 per cent, of the lower (up to Cio) 
fatty acids. 

H. H. Eranck^ used also up to 6 per cent, of various compounds 
of lead, mercury, vanadium, and chromium, and, working at 160° 
in an autoclave filled with oxygen, obtained from paraffin of lower 
melting point 40 per cent, of fatty acids of higher, and 57 per 
cent, of acids of lower, molecular weight. A mixture of the acids 
so obtained was esterified with ethylene glycol, and** yielded an 
edible fat said to resemble coconut oil. A variation is described 

1 Bcf., 1920, 53, [B], 66, 1667 j A,, i, 280. 

* Chem, Zeil, 1920, *44, 309 ; 4., i, 417. 
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by F. Fisclier and W. Schneider, ^ who worked in a steel autoclave 
at 170*^ in the presence of sodium carbonate, the mixture being 
stirred by pumping in compressed air. These authors obtained 
a 90 per cent, yield of fatty acids from crude parajHm, and are of 
the opinion that iron, copper, and manganese have equal catalytic 
effects. A. Gr-riin^ has studied these reactions more in detail, and 
shown that the results are dependent on many factors as yet little 
understood. In the absence of water the anhydrides of the higher 
fatty acids are formed, and in every case the neutral products con- 
tain ketones, such as stearone. The acids formed all appear to 
have a straight-chain ” structure, whilst, according to Fischer 
and Schneider, the acids containing an uneven number of carbon 
atoms are formed in greater quantity than those with an even 
number, which are commonly derived from natural fats. 

The list of compounds formed in the pyrogenic condensation of 
acetylene has been considerably increased 5 by the crystallisation 
of the picrates of the higher boiling fractions of the tar. It has 
been shown ^ that acetylene condenses at 100 — 200° with methane 
in the presence of metallic catalysts, giving a 70 per cent, yield of 
propylene; at higher temperatures (200—350°), non-metallic 
catalysts, such as thoria and silica, give similar results^ even with 
at least the lower homologues of both acetylene and methane. 

The importance of a study of the mercury compounds of acetyl- 
ene was emphasised in last year’s Report, and attention should 
be drawn to the theoretical discussion by W. Manchot and A. 
KliigS of those of ethylene and of carbon monoxide. A detailed 
study of the conversion of acetylene into acetaldehyde and into 
acetic acid in the presence of mercury catalysts is described by B. 
Neumann and H. Schneider.^ The best yield (90 per cent.) of 
acetaldehyde was obtained when the gas was led with vigorous 
mechanical stirring into a catalyst composed of 96 per cent, acetic 
acid, containing 3 per cent, of mercuric sulphate, the temperature 
being maintained at about 30°. The best results (83 per cent, 
yield) in the direct conversion of acetylene into acetic acid were 
obtained by using the same catalyst, with the addition of vana- 
dium pentoxide, acetylene and oxygen being led in alternately. 

» JBer., 1920, 53, [B], 922 ; A„ i, 619. * Ibid., 987 ; A., U 618. 
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Alcohols arid their Derivatives. 

In tlie catalytic reduction of acetaldehyde by hydrogen, the 
production of ethyl alcohol falls off gradually with the formation 
of ethyl ether as a by-product, whilst the catalyst is poisoned by 
decomposition products of acetaldehyde. These undesirable re- 
sults are avoided by the use of an excess of hydrogen containing 
about 0-2 per cent, of oxygen, and when working between 90*^ and 
170°, at which temperature acetaldehyde begins to decompose, a 
yield of 95 per cent, of alcohol can be obtained. The beneficial 
effect of the oxygen cannot, however, be wholly attributed to the 
oxidation of carbon monoxide or other impurities, to the presence 
of which the injurious effect on the catalyst has been ascribed. 
If hydrogen quite free from oxygen be used (and it is stated that 
electrolytic hydrogen invariably contains some oxygen), a mixture 
of alcohol and ether is produced. The formation of ether com- 
mences at about 90°, and in the process up to 15 per cent, is 
obtained. 

The formation of acetone by the fermentation of starch is 
dependent as a commercial process on the utilisation of the ??-butyl 
alcohol, of which at least two parts are produced for every one of 
acetone. In this connexion the transformation of the alcohol into 
methyl ethyl ketone is promising, as the various reactions pro- 
ceed quite smoothly. These are: The catalytic dehydration of the 
alcohol by glacial phosphoric acid at about 350°, the absorption 
of the iS-biitylene (freed from y-butylene by scrubbing with 60 
per cent, sulphuric acid) in concentrated sulphuric acid, forma- 
tion of sec.-butyl alcohol by the action of water on the butyl 
hydrogen sulphate thus produced, and the catalytic dehydrogenation 
by copper of the sfc. -butyl alcohol by the Sabatier and Seuderens 
process. The use of 7i-butyl alcohol as a starting material for 
various synthetical reactions, such as the preparations of «-amyl 
alcohol, n-valeric and ? 2 -hexoic acids, has been studied by R. Adams 
and! C. S. Marvel. The writer can recommend their methods, 
which give very good yields and are well adapted for students’ 
exercises in place of some of the preparations usually set. 

further condensations of »i-butyl alcohol with the corresponding 
aldehyde, and of w-butyl chloroformate with alcohols and 
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amines, according to well-known reactions have also been described. 
A. Maillie and F. de Godon^® have continued tbeir studies of tbe 
catalytic preparation of ethers in the dry way, and recommend 
aluminium oxide (prepared by heating commercial ammonium 
alum at 190°) as a catalyst. This method gives about 70 per cent, 
of diethyl ether from 96 per cent, alcohol, and is suitable for the 
preparation of simple and mixed aliphatic ethers containing normal 
groups, but fails with '/sopropyl and ^sobutyl alcohols, and gives 
only a 30 per cent, of the corresponding ether from allyl alcohol. 

The catalytic effect of mineral acid's in esterification is attributed 
to their linking the alcohol and organic acid in a molecular com- 
plex, where opportunity is afforded for an interchange of radicles. 
While investigating this, 0. Maass and J. Eussell have proved 
the existence of an oxonium compound, (CaH 5 ) 20 ,HBr,H 20 , but 
could not obtain definite evidence of a compound of ether, hydro- 
gen bromide, and ethyl alcohol. Very similar suggestions are 
made by 0. Aschan,^^ who explains the catalytic effect of ether 
in aiding the addition of hydrogen chloride and of sulphuric acid 
to unsaturated compounds as due to the intermediate formation 
of diethyloxonium salts. He shows that the mixing of ether and 
sulphuric acid monohydrate causes a large development of heat, 
and gives a mixture more viscous than the sulphuric acid, but he 
was unable to isolate the diethyloxonium sulphate or any of its 
salts. 

Lowry and co-workers^® describe experiments to recover the 
oxidised nitrogen in cordite in the form of calcium nitrate. They 
consider that hydrolysis of the normal type is not the pre- 
dominant action when cordite is decomposed by lime in the presence 
of pyridine. The calcium salt of hydroxypyruvic acid is an im- 
portant product of the reaction, and these authors suggest that 
the main action is a decomposition of the nitric ester into a ketone 
or aldehyde and a nitrite. R. C. Farmer, however, from a review 
of their work and that of the numerous previous workers at this 
problem, and from some fresh experimental data on the decomposi- 
tion and hydrolysis of glyceryl nitrates, disagrees with their con- 
clusions and, tracing the various stages of the different forms of 
decomposition of nitric esters, maintains that the first stage in 
such is a true ester hydrolysis of the normal type. 

18 Bull. Soc. cMm., 1919, [iv], 25, 565; 1920, [iv], 27, 121, 328; A., i, 
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Aldehydes and Ketones. 

Tlie oxidation of methyl alcohol to formaldehyde has been in- 
vestigated by many workers in the past, but the latest contribu- 
tion to the subject is valuable. In this, hL D. Thomas 
compares the relative catalytic effect on the oxidation under 
different conditions of silver, gold, and copper. Of these, 
silver has the best effect, and by its use a yjeid of more 
than 55 per cent, was obtained in the process. Finely divided 
silver, 22 preferably deposited on asbestos, is recoin lueiided also for 
the catalytic oxidation by air at about 1250° of primary and 
secondary alcohols to the corresponding aldehydes and ketones. 
The action tends to become very intense owing to rise of tempera- 
ture of the catalyst, but if care be taken to regulate this, the method 
can be employed generally with success even with unsatiirated 
alcohols. 

A new and in some cases a very useful method of preparing 
aldehydes is patented by C. Harries, who shows that ozonides can 
be reduced preferably by ferrocyanides to aldehydes, nonaldeliycle, 
for example, being formed by the reduction of the ozonide of oleic 
acid. 

The great diversity in the type of compounds which acetylacetone 
forms with metals, metalloids, and non-metals has now been 
extended by the discovery of a new type in the selenium and 
tellurium acetylacetonates, which are described in a paper 24 bear- 
ing on the complex questions of residual affinity and co-ordination. 

An attempt's to use the additive compounds of the acetyl- 
acetonates of the metals of the rare earths with ammonia and 
amines as a convenient means of separating these elements was, 
however, quite unsuccessful. 


xicuU and their Det'ivatives, 

Yery little work in this section has been published during the 
year. The details ^<5 of a much improved method of preparing 
gluconic acid on a technical scale suggest that this may be utilised 
as a substitute for some of the more expensive vegetable acids. 
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Tlie well-known work of K. Meyer and co-workers on tke keto- 
enolic desmotropy of the esters of j8-ketonic acids lias been ex- 
tended 2?' to an examination of tke effect of fractional distillation 
on etkyi acetoacetate. By tke use of Jena-glass apparatus, wliicli 
had been steamed and washed with alcoholic hydrogen chloride, 
it has been found possible to isolate the less volatile ketonic form 
by distillation under a pressure of 2 mm. The proportion of enol 
to ketone is unaffected by distillation, for the actual amounts of 
the two forms in the original ester before distillation in a quartz 
vessel and in three fractions and a residue, all of equal volume, 
were practically the same, whilst the residue was free from the 
enolic form. The method obviously affords the easiest means of 
preparing the pure ketonic ester, and by repeated distillation of 
large amounts of the ester might yield the pure enolic form. 
Similar results are recorded for the distillation of methyl 
benzoylacetate, although the fractioneJion proceeds more slowly, 
but with this ester a small first fraction solidified to give the 
pure enolic form. Bor many years it has been the practice to 
postulate the existence of enolic forms of aliphatic esters to explain 
certain reactions. H. Scheibler and J. Vosses have shovm that 
the potassio-derivatives of estersy which contain at least one 
hydrogen atom attached to the carbon atom in the a-position with 
respect to the carb alkyl oxy-groiip, are readily obtained as coloured 
amorphous substances when an ethereal solution of the ester is 
added to the finely divided metal, which is covered with ether 
heated to gentle ebullition; under these conditions the metal 
dissolves immediately with evolution of hydrogen, whilst the metallic 
derivative remains m.ore or less completely in colloidal solution in 
ether. Sodium acts less energetically, and the corresponding deriv- 
atives are often only formed at temperatures at which they are 
partly decomposed. These ester-enolates are very unstable sub- 
stances, which can, however, be preserved for some time under ether 
in an atmosphere of hydrogen or nitrogen. They are immediately 
decomposed on the addition of water with the regeneration of the 
esters, but react with carbon dioxide, giving colourless potassium 
salts of carboxylic acids, which are stable towards oxygen and 
water, but contain the carboxylic group in a very loose state of 
combination. So far not much evidence has been brought forward 
to prove the formulas ascribed to these compounds, but the reaction 
between ethyl chloroformate and ethyl potassio-acetate can be to 
some extent explained on the basis of the formula CH 2 lC( 0 !K)* 0 Et. 

Many difficulties are met with when attempts are made to syn- 

27 K. H. Meyer and V. Schoeller, Ben, 1920, 53, [B], 1410 ; A., i, 707. 
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thesise tlie natural fats. Up to tlie present tke general methods for 
the preparation of mono- and di-glycerides have depended either 
on the action of glyceryl chlorohydrins on the salts of fatty acids 
or on esterification of the fatty acid with the chlorohydnn, and 
the subsequent exchange of the halogen atoms for the hydroxyl 
group. Now the glyceryl moiiochlorohydrins are difficult to 
prepare in a state of purity, and are not adapted for such syn- 
thetical reactions, as these methods are complicated by side-reac- 
tions. There is, further, no guarantee of the simple replacement of 
the halogen by the acyl radicle, whilst, in fact, several instances of 
the wandering of such acyl groups ai'e now known. A new method, 
which will yield a-monoglycerides of undoubted purity, is pub- 
lished under the names of Emil Fischer and co-workers. As 
initial material '' acetone glycerol ” is used, and the constitution 
of this has been shown by Irvine, Macdonald, and Soiitar^- to be 

i^opropylideneglycerol, -OH* compound 

reacts readil}/ in the presence of quinoline with acid chlorides, yield- 
ing products from which the acetone residue is easily removed by 
dilute acids at about 50^, thus giving undoubted a-monoglycerides. 
The results of this important work throw great suspicion on the 
purity of the monoglycerides previously described, whilst it may 
be expected that the method, even without the guiding hand of 
Fischer, will lead to further knowledge of the chemistry of fats. 

Halogen Oompou?ids. 

One of the less pleasant features of the literature this year is 
the large amount of space which has been devoted to descriptions 
of various halogen compounds used so extensively in chemical war- 
fare. The preparation and properties of jSjBhdichlorodiethyl sul- 
phide have been detailed in the chemical Journals of five countries, 
in the allied countries it having been made very simply by the 
action^® of sulphur monochloride on ethylene at about 60®, whilst 
in Germany the more complicated synthetic ])rocess through 
ethylene chlorohydrin and ^jS'-dibydroxydiethyl sulphide was used 
as described by.Tictor Meyer in 1886. Several chemists have 
used the highly reactive dichlorosulphide for various synthetical 
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experiments, of wliicli perhaps the most complete account is that 
by 0. B. Helfrich and E. E. Reid.^^ 

Ei-ench chemists j^ave made very detailed studies of the 
numerous compounds produced by the substitution of hydrogen by 
chlorine in methyl formate and carbonate ; it may be expected that 
some of these will be of considerable use in synthetical work. 

A very convenient modification of the older methods of prepar- 
ing alkyl bromides is described by 0. Kamm and C. S. Marvel.^® 
In this a solution of hydrobromic acid is first prepared by the re- 
duction of bromine by sulphur dioxide in the presence of water. 
Concentrated sulphuric acid is then added, and the mixture heated 
under a reflux with the alcohol to be brominated. The method- 
can be recommended, as it gives good yields with very little trouble. 

aj8-Dichlorovinyl ethyl ether is readily prepared from the com- 
mercial trichloroethylene by the action of sodium ethoxide, and 
has been found useful in the synthesis of chloroacetates and acid 
chlorides.®^ 

Numerous new per-iodides of carbonyl compounds and esters 
have been described, and it is remarkable that those prepared from 
diethyl oxalate of the type (C 202 Et 2 ) 4 ,NaI,l 4 were obtained in the 
presence of water. These compounds are apparently oxonium 
derivatives, and will require consideration from those studying 
residual valency. 

Optical Activity, 

It has been well known in a few cases that the taste of some 
optically active compounds is different from that of their optical 
antipodes. This very difficult field of research has not received 
much attention, and an interesting paper on the relative sweet- 
ness of some compounds of a-hydroxy?sohexoic or '^leucic'^ acid is 
all the more welcome. It is a common practice in Japan to use 
certain amino-acids, such as (i-glutamic acid and its salts, as taste- 
producing substances in food, and the author, by replacing the 
amino-group in some of these by hydroxyl, has obtained some very 
sweet substances. Thus, by suitable treatment, leucine has been 
converted into the corresponding hydroxy-acid. The sodium, 
ammonium, potassium, and calcium salts are very sweet, the sodium 

J. Amer. Ghem. Soc., 1920, 42, 1208 ; A., i, 524. 

35 Inter alia, V. Grignard, G. Bivat, and E. Urbain, Compt. rend., 191 9> 
169’, 1143 ; A., i, 138. 

J. Amer.Ohem. Soc., 1920, 42, 299 ; A., i, 282. 

3’ H. Crompton and (Miss) P. L. Vanderstichele, T., 1920, 117, 564. 

A. M. Clover, J, Amer, Ohem Soc., 1920, 42, 1248 ; A-, h 528. 

A. Skrabal andB. Flach, Monatsh., 1919, 40, 431 ; A., i, 527. 

S. Kodama, J. Tohvo Ghem. Soc., 1919, 40, 825 ; A., i, 471. 
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salt being about ten times as sweet as sncrose. The taste is appar- 
ently due to the a-hydroxy/sohexoic ion, since all the salts and 
the acid itself in dilute solution are sweet, %vhilst the solid acid 
and its ester are not. It is remarkable that the two anhydrides 

of leucic acid with the formuLe and 

C4Ho*CH(OH)*CO- 0-CH(C02H)*C4H9 are bitter, but become sweet 
when boiled with dilute alkalis. The acetyl and alkyl derivatives 
of the leucic acid are not sweet, and their salts are tasteless, but a 
salt of acetyl-leucic acid when boiled with water slowly becomes 
sweet, owing to the elimination of the acetyl group. The vsweetness 
of ^^-glutamic acid is twice as great as that of the r//-acid, and the 
sweetness of a salt of leucic acid depends on the amount of the 
dextrorotatory form which is present. Thus, having obtained by 
a Walden inversion a dextrorotatory leucic acid from the corre- 
sponding ^acid, the author shows that the salts of the d-acid are 
sweeter than those of the d/-acid, which are also sweeter than those 
of the Z-acid. 

Some years ago Hudson suggested that the difference between 
the molecular rotations of the a- and j 8 - forms of mutarotatory 
sugars is a constant, and aftertvards extended these views to the 
phenylhydrazides of certain acids of the sugar group. He 
succeeded in showing that in acids containing a-, y-, and 

5 -asymmetric carbon atoms, the rotation due to the a-carbon atom 
was very much larger than the values due to tbe other three 
carbon atoms added together, and so the direction of the rotation 
of the phenylhydrazide could be used as an indication of the con- 
figuration of the hydroxyl group attached to the a-atom. His 
results have now received valuable confirmation from the extended 
investigation of Mile. T. W. J. van Marie, working with 
gluconic, mannonic, galacionic, gulonic, idonic, '/,?osaccharic, 
arabonic, ribonic, xylonic, and lyxonic acids, has been able to prove 
that Hudson’s conclusions hold equally in aqueous solution for the 
hydrazides, p-bromophenylhydrazides, 0-, w-, and p-tolylhyclr- 
azides, the amides, anilides, and o-, m-, and p-toluidides. It is 
not surprising, however, that conflicting results were obtained 
when the rotations of these compounds were examined in pyridine 
solution, and in the opinion of the writer it seems a great pity, in 
view of the results obtained in recent years in the domain of 
optical activity, that the material prepared with so much trou^ble 
for this research was not examined with monochromatic light of 
more than one wave-length. 

J. Amer. Ohem. Soe., 1917, 39, 462 ; A., 1917, i, 318. 

Bee* trm. cMm*, 1920, 39, 649 ; J., i, 692. 
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The hydrolysis of the esters of certain optically active hydroxy- 
acids has yielded in the past very perplexing results, and a 
summary of the behaviour on hydrolysis of the optically active 
menthyl and bornyl esters of the various isomeric “ phenyl-lactic 
and other acids is welcome. Mandelic acid and tropic acid, 
C6H5*CH(CH2*0H)*C02H, 

are racemised readily, and their esters are catalytically racemised 
by warming with an amount of alcoholic solutions of sodium or 
potassium hydroxide insufficient to complete the hydrolysis ; on the 
other hand, the acids C6B:5*CH2-CH(OH)-COJi, 
C6H5-CH(0H)*CK2-C02H, 

and C6H5*CMe(0H)*C02lI, and their esters, are far less prone to 
racemisation. Thus it appears that although compounds of the 
type E‘CH(0B[)*C02E^ present a system prone to racemisation in 
virtue of the mobile hydrogen atom being in the a-position, this 
circumstance is not in itself a factor in promoting racemisation 
unless R is an aromatic residue attached directly to the asymmetric 
atom. In the event of R being an aliphatic group, it may be 
argued that this system would probably be stable, so far as race- 
misation by alkali is concerned, and this is confirmed to some 
extent by experiments with lactic acid. 

C. Neuberg and F. F. Nord^^ have investigated the phyto- 
chemical reduction of unsymmetrical ketones. These, added to 
sucrose undergoing fermentation by yeast, are partly reduced to 
secondary alcohols. The hydrogenation does not proceed at all 
readily, but the diastereoisomerides are formed at different rates, 
so that the products, whilst not optically pure, have a considerable 
activity, which is much greater than observed by Le Bel in his 
classical experiments on the preferential decomposition by moulds 
of the diastereoisomerides of secondary alcohols. They claim also 
to prepare a Isevorotatory jSy-butylene glycol by the hydrogenation 
of diacetyl by similar means, a result which is all the more remark- 
able as previous investigators have found that the production of 
the glycol from carbohydrates by bacterial agency leads only to 
the racemic or meso-forms. 

An interesting attempt has been made to summarise the 
phenomena observed among the optically active substances found 
in the animal and plant kingdoms- Whilst there are several 
exceptions, it would appear that, in general, the normal products 
of'' animal metabolism occur in optically active forms, but in the 
case of the^ plant organism, on the other hand, the diastereo- 

A. McKenzie and H. Wren, T., 1920, 117, 680. 

** Ber., 1919, 52, [B], 2237, 2238 ; A., i, 135. 

K. Hess and W. Weltzien, ibid., 1920, 53, [B], 119 ; A., i, 328. 
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isomerides are not infrequently formed in equal amounts. It is 
probable, however, that the specific action of an enzyme is only 
conditional, and that whilst a ferment appears to attack preferenti- 
ally one modification of a given compound, it can, in case of 
necessity, attack the antipode, or it may be that whilst under 
normal conditions the rate of reaction between an enzyme and the 
two diastereoisomerides is different, when the conditions are suit- 
able the rate becomes identical. The production of optically 
inactive bases containing an asymmetric carbon atom may be 
ascribed, however, to other causes. Thus, racemisation of a 
primarily formed optically active alkaloid may have occurred 
during the treatment of the dead plant with extracting solvents, 
or it may have occurred within the plant during its life, or, again, 
the formation of the alkaloid in the living plant may have been 
brought about by ordinary symmetrical forces in which enzymes 
have no part. It is well known, however, that alkaloids vary very 
greatly in their resistance to racemising reagents ; thus hyoscyamine 
is readily converted by alkalis into atropine, and pelletierine and 
allied substances are less prone to racemisation in this way, whilst 
coniine and if-methylconiine are unchanged by drastic treatment 
with acids or alkalis. 

E. Erlenmeyer^^ has described the formation of optically active 
cinnamic acids. It is suggested that the activation of the cinnamic 
acid is brought about by the “ induction ’’ influence of other optic- 
ally active components involved in the reactions. Thus when an 
optically active phenylbromolactic acid is reduced with zinc in hot 
alcoholic solution, one half of it passes into phenyl-i8-laotic acid 
and the other half into cinnamic acid, which has a rotation of the 
same sign as that of the bromo-acid. The activity of the resulting 
cinnamic acid is not due to contamination with phenyl-lactic acid, 
as repeated extractions with water still leave an active cinnamic 
acid, and this is further confirmed by comparative experiments 
with actual mixtures of optically inactive cinnamic acid and active 
phenyl-lactic acid. In a similar manner, a l?evorotatory dibromide 
of cinnamic acid is formed by the action of bromine on a mixture 
of the zinc salts of cinnamic and cZ-phenyhlactic acid, an opposite 
result being obtained when ^phenyl-lactic acid was used. The 
reduction products of I- and of <i-phenylbromolactic acids in the 
same way yield dibromides of cinnamic acid with rotations opposite 
in sign to that of the hromo-acids employed. Further exp^^ri- 
mental results obtained are : cinnamic acid “ activated under the 
influence of Z-mandelic or Z-chlorosuccinxc acid becomes dextro- 
rotatory and yields a Isevorotatory dibromide, whilst with ^-tartaric 
Bioch&m, Z&itsch., 1919, 97 , 198 ; A,, i, 45. 
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acid or with c^-cinclionine, a laevorotatory acid and dextrorotatory 
dibromide are formed 

As the geometrical isomeric formula of cinnamic acid with the 
double bond cannot account for the active cinnamic acids, the 
author suggests a stereoisomeric structure with free unsaturated 
affinities, thus: 



H 


Recent work by Lowry and others has stimulated a re-examin- 
ation of the menthyl esters of certain keto-acids described 
previously by Rupe^^ and his co-workers. The rotations of these 
were observed only for sodium light, but light of other wave- 
lengths has now been used. Most of these substances are not, 
however, homogeneous, containing varying proportions of the enolic 
and ketonic forms, according to the conditions. However, the 
authors '' re-discover ’’ the applicability of a one-term Drude 
equation, a = klx^ — X^^, as has been shown by Lowry and other 
investigators, to the optical dispersion of a great number of com- 
pounds. They adopt the following classification of abnormal 
rotatory dispersion: (i) total anomaly of a mixture of two sub- 
stances with opposed activities (Tschugaev’s extramolecular 
anomalous dispersion); (ii) total anomaly of a compound contain- 
ing two different asymmetric complexes, one of which is dextro-, 
the other laevo-rotatory (Tschugaev’s intramolecular anomalous 
dispersion); (iii) when the rotatory dispersion curve does not pass 
through a maximum or minimum, neither does it approximate to 
a horizontal line, but X and Xq^ differ widely from the normal 

values and -j gives bent or zig-zag lines (complex rotatory dis- 
pei:sion of Lowry); (iv) apparently normal course of the curves 
and^ -~/x^ gives straight lines, but X^ and Xq^ differ greatly (at least 

±15 for the former) from the normal value for the particular 
class of compound (relative anomaly). 

H. Bu|>e and H. Kagi, Armcden, 1920, 420, 33 ; A., i, 748. 
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The paper contains a criticism of the proposal by Lowry and 
Abram to delete the “relatively abnormal” classification; the 
authors consider that suiScient substances are known, in which 
A,^ differs by 15 — 60 and Xff by as much as live units from the 
normal figures for the class of substance witlioLit, however, exhibit- 
ing complex anomaly, to justify a separate classification. 

It may be pointed out, however, that many substances have 
rotations which are numerically low, w^hilst the accuracy of the 
determination of rotatory power is not very great, so that in the 
opinion of the writer it is unwise in the present state of knowledge 
to adopt the more elaborate classification set out by Rupe. 


Carbohydrates a7id their Derivatives. 

In 1913 Emil Fischer obtained a strongly reducing compound, 
CgHiQ 04 , which he named glucal, by the reduciion of Aaceiobromo- 
glucose with zinc dust and acetic acid. It is a slightly sweet, 
soluble, viscid syrup with aldehydic properties, and evidently 
possesses ethyleiiic unsatiiration, since it decolorises bromine water. 
When hydrogenated in the presence of palladium, hydroglucal is 
formed, and this contains no double bond; the same product is 
formed if the acetate of glucal is similarly hydrogenated and then 
hydrolysed. The constitution of glucal has not been conclusively 
proved, but the latest paper shows that its properties are satis- 
factorily explained by the formula 

oh*chyCH(oh)*ch*ch(oh)*cii:ch. 

I 0 . I 

New reactions pointing to this formula are: {a) the additive pro- 
duct of glucal and bromine, when treated with silver acetate, yields 
a stereoisomeric mixture of tetra-acetylgiucose-^-broniohydrins, 
OAc*CHs*CH(OAc)*CH-CH(OAc)*CHBr‘CH-OAc, which, after 

-0 

deacetylation with dilute hydrochloric acid, gives with phenyl- 
hydrazine an over-all yield of 60 per cent, of ^/-gliicosephenyl- 
osazone; (5) glucal triacetate is transformed by ozone in glacial 
acetic acid solution into the triacetyl derivatives of c/-arabinose 
and an acid, which is probably arabonic acid; (r) the colour reac- 
tion with pine shavings ; {d) the proof of the presence of only three 
hydroxyl groups in hydroglucal. These show that glucal contains 
the normal carbon chain present in dextrose, that the double bond 

T., 1919, 115, 300. 

« Sitzungsher. K. Ahad. Wiss, Berlin^ 1913, 311 ; A., 1913, 445. 

E, Fischer, M. Bergmaim, and H. Sohotte, Ber., 1920, 5S, [B], 509 ; A-, 
i, 420. 
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is between the first and second carbon atoms, and that it is related 
to furan, whilst the presence of a butylene-oxide formation in 
hydroglucal is suggested by its stability towards hydrochloric acid, 
which renders an ethylene- or propylene-oxide structure most 
improbable. 

The structural formula for sucrose which is now considered the 
most likely is that put forward by W. IST. Haworth and Law in 
1916, in which this sugar is represented as formed by the fusion 
of a-glucose having the butylene-oxide structure, and of a-fructose 
having the ethylene-oxide structure: 



When sucrose is hydrolysed in the presence of acids, these forms 
are the first to be produced, but subsec][uently they rapidly undergo 
isomeric changes, giving successively the corresponding butylene- 
oxide form of fructose and then an equilibriuih mixture of the 
a- and ^-modifications of this, whilst alongside the jS-butylene-oxide 
form of glucose with small amounts of the y- or ethylene-oxide 
form of this sugar are produced. On these assumptions, the rota- 
tion and low crystallising power of invert-sugar are explained by 
the complexity of the mixture. Some evidence in favour of this 
is afforded by contrasting the reducing powers of sucrose while 
undergoing inversion by (a) invertase and (b) dilute acid by 
measurements of the time taken to decolorise permanganate, but the 
formula given above is well substantiated by further investigation 
by Haworth of the cleavage products of methylated sucrose. In 
previous investigations, the separation of the cleavage products of 
octamethyl sucrose was difficult, but heptamethyl sucrose is easily 
prepared, and, on hydrolysis with dilute hydrochloric acid, yields 
a trimethyl glucose and a tetramethyl fructose, which are readily 
separated by fractional distillation under a very low pressure. 
The trimethyl glucose was characterised by further methylation, 
which gave tetramethyl a-glucose. The tetramethyl fructose 
decolorised permanganate, behaved generally as a y-sugar, and, 
when oxidised by nitric acid, gave an anhydro-acid or semi-lactide, 
the analysis of which agreed with an empirical formula, CigHgoO^i. 
A closely reasoned argument shows that the properties of this point 
to it^ formation from an a-hydroxy-acid, which in turn could only 
be formed fnom the tetramethyl fructose having the formula 
OMe*OH 2 -C(OH)*OH-CH(OMe)*OH(OMe)‘CHj*OMe. 

0 — ' ' 

E. E. Armstrong andT. P. Hilditch, T.t 1920, 117, 1086. Ibid,, 199, 
REP, — ^VOL. xvn, D 
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The extensive study of the alkylated sugars, with which the 
names of Purdie, Irvine, and Haworth are mainly associated, 
has obviously opened out a general method for the determination 
of the constitution of the di- and poly-saccharides, for now that 
the properties and structures of a large number of alkylated aldoses 
and ketoses are known, the substances formed in the degradation 
of polysaccharides may be identified. The original method of 
alkylation by means of silver oxide and alkyl iodide is not always 
successful, owing to experimental difficulties, often caused by the 
insolubility of the carbohydrate in the alkyl iodide, but now that 
the alternative method of methylation is available in the use of 
methyl sulphate and sodium hydroxide rapid progress has been 
made. An investigation of the constitution of the polysaccharides 
by means of their hydrolysis must include the identification of 
(1) the constituent sugars, (2) their stereochemical form, (3) the 
hydroxyl groups involved in the coupling of the constituents, and 
(4) the position of the internal oxygen ring in each sugar. These 
methods have now been applied with considerable success to the 
elucidation of the structure of inulin,®^ and of the conversion of 
cellulose into glucose. 

Inulin, being soluble in aqueous sodium hydroxide, is readily 
methylated by methyl sulphate to dimethyl inulin, which has the 
advantageous property of being soluble in methyl iodide. 
Exhaustive methylation, however, by silver oxide and methyl iodide 
showed that the formation of trimethyl inulin represented the 
limit of the reaction. The hydrolysis of this at 100° with I per 
cent, oxalic acid proceeded quite smoothly, and yielded a trimethyl 
fructose, which, in view of its strong reducing properties, was un- 
doubtedly a member of the y-, that is, the supposed ethylene-oxide, 
series of ketoses. The trimethyl fructose was then converted into 
the corresponding trimethyl fructosides, which, on further methyl- 
ation and subsequent hydrolysis, yielded the tetramethyl y -fructose 
obtained by Haworth®® from sucrose. The diagram on p. 67 
illustrates the great advances made recently in our knowledge of 
the structural relationship of the four compounds. 

The yields obtained in the conversion of inulin to trimethyl 
y-fructose show that it is an aggregate of y-fructose residues, each 
ketose molecule having lost two hydroxyl groups in the formation 
of the polysaccharide. 

Further deductions from this research suggest one of 4;wo 
alternative formulae for inulin, which undoubtedly has a smaller 

J. C. Irvine and (Miss) E. S. Steele, T., 1920, 117, 1474. 

J. 0. Irwne and C. W. Soutar, ibid,f 1489. 

^ Zo6. dtp see p, 65. 
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molecular weight than that given in the literature, and 
developments of the investigation will be looked for with great 
interest. 

The conversion of cellulose into glucose has been studied by many 
workers, but not in a strictly quantitative manner, for as Irvine 
and Soutar point out, the evidence of specific rotation and reducing 
power, even when apparently consistent, cannot be held to 
characterise an uncrystallisable syrup as a definite sugar. Some 
advance has been made in a recent paper by K. Hess and 
W. Wittelsbach 56 on the acetolysis of ethyl cellulose, but in all 
work on the hydrolysis of cellulose where a yield of glucose even 
approximating to the theoretical amount has been claimed, in no 
case have the results been based on the quantity of a crystalline 
sugar or of a characteristic derivative actually isolated. The St. 
Andrews results now described have given, by the degradation of 
a purified cotton cellulose, a yield of crystalline derivatives of 
glucose equivalent to 85 per cent, of the theoretical amount. The 
method consisted in treatment of the cellulose with acetic anhydride 
and sulphuric acid, after which the soluble and insoluble products 
were convefted into methylglucoside. The methylglucoside 
obtained was quite free from any isomeric methylhexoside, so that 


D 2 


Zeitsch. BleUrochem., 1920, 26, 232 ; A., i, 532. 
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mannose and galactose residues are not present in cellulose. Tlie 
results point to tlie following formula for cellobiose, 

OH-OH-[CH‘OH]2-CH*CH-0-~CH’[CH-OH]2-CH*CH(OH)-C%OH 

J 0 j ' 0 - - ' 

and afford some evidence of the structure of a portion of the 
cellulose molecule. 


N i t t'uge n (J o mpo u r) . 

The catalytic formation of amines by the Sabatier process is 
usually unsatisfactory, owing to the difficulty of separating the 
mixture of primary and secondary amines generally formed. 
A. Mailhe^^ has, however, shown that the hydrogenation of 
ketazines in the presence of reduced nickel can be used for the 
preparation of primary amines if the reaction is carried out at 
specially low temperatures (about 130°), higher temperatures con- 
verting ketazines, and even the low temperatures aldazines,^® into 
mixtures of primary and secondary amines. On the other hand, 
catalytic methods appear to be very convenient for the prepar- 
ation of certain aliphatic and aromatic nitriles,*”'® which are formed 
when vapours of the esters and ammonia are passed over aluminium 
or thorium oxide heated to 480 — 500°. The quantitative form- 
ation of hydrogen cyanide when carbon monoxide and ammonia 
are passed over thoria heated at 430° is a reaction which may 
become of considerable importance. 

A very easy method of preparing guanidine is described by E. A. 
Werner and J. Bell,®® who show that commercial dicyaiiodiamide is 
depolymerised at 120° in the presence of ammonium thiocyanate, 
giving an 80 per cent, yield of guanidine thiocyanate. 

The a-methyl and a-ethyl derivatives of hydroxylamine are 
obtained by the prolonged treatment of the corresponding 
disulphonic acids with concentrated sulphuric acid. The potassium 
salts of these acids, I 10 *]S[(S 03 E 1 ). 2 , are formed by the reactions 
between alkyl iodides and aqueous solutions of potassium hydroxyl- 
aminedisulphonate, and in general, like the potassium salts of the 
alkylimidosulphonates,®^ NR(S 03 K) 3 , are noteworthy on account 
of their sparing solubility in water; thus potassium ethylene- 

” Compt rend., 1920, 170 , 1265; A., i, 475. ss i,475. 

Ann. Chim., 1920, [iisr], 13 , 226 ; A., i, 476 

60 T., 1920, 117 , 1133. 

8^ W. Traube, H. Ohlendorf, and H. Zander, Ren, 1920, 53, [B1, 1477; 
A.,i, 717. 

** W. Tranbe and M. Wolff, ibid,, 1493 ; A., i, 716. 
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diamine-il^iV'^-tetrasulplioiiate dissolves only to tlie extent of 
0'2 gram in 100 c.c. of water at tlie ordinary temperature, whilst 
the corresponding barium dipotassium is practically insoluble. 

A convenient method of preparing cyanogen chloride on a 
laboratory scale is the action of chlorine on a 12 per cent, solution 
of hydrogen cyanide. It has been shown that the reaction proceeds 
quantitatively according to the equation Cl 2 +HC]Sr = CNCl + HCL 
The pure substance does not undergo polymerisation, but in the 
absence of water hydrogen chloride causes the slow formation of 
cyanuric chloride. Robert H. Pickard. 


Part II. — Homocvclic Division. 

Theoretical. 

The determination of the energy of atomic linkings in carbon com- 
pounds is intimately connected with that of the distribution of 
valency, and of all the available methods which can assist in throw- 
ing further light on these problems, it is probably the thermo- 
chemical that is most free from pitfalls in the domain of theoryjSi^t 
Considerable progress has been made in the interpretation of the 
data supplied by the heats of combustion of hydrocarbons. Wein- 
berg ^ points out that the heats of combustion of saturated hydro- 
carbons can be very nearly expressed by assuming that each carbon 
atom and each hydrogen atom contributes a constant quantity 
independent of the constitution. On this hypothesis, the heats of 
combustion of ethane and propane show that each carbon con- 
tributes 96*5 Cal. and each hydrogen 29 65 Cal. Again, from the 
known increment for each ‘CH^* and from the average heats of 
combustion of the octanes, the respective values 96 and 30 are 
obtained. The conclusion is drawn that the energies of rupture of 
C-H and C-C bonds do not materially differ, and although there 
seems to be a loophole in this part of the argument, interesting 
results follow from the application of the additive hypothesis to 
the case of the unsaturated hydrocarbons. The value calculated 
from the number of carbon and hydrogen atoms in the molecule 
subtracted from the observed heat of combustion gives a measure 
of the additional energy due to the unsaturated linkings. Por a 
single ethylene bond, the increment thus obtained is about 30, or 

T. S. Price and S. J. Green, J, Soc. Chem. Ind., 1920, 39, 98t ; J.., i, 426. 

^ A von Weinberg, Ber., 1919, 52, [B], 1601; A., ii, 14. 
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15 for each nnsaturated carbon atom. For the conjugated 
A^®-hexadiene the increment is not 60, bnt only 16’3, and this is 
justifiably regarded as the increase due to the mntnally restricted 
oscillation of three pairs of nnsaturated atoms. If, then, the view 
of Thiele, that benzene contains three conjugated double bonds is 
correct, we have to do with six pairs of unsaturated atoms, and 
the increment should be 32*6. Actually, it is 32-7 or 30-3, accord- 
ing as the value for the heat of combustion of benzene determined 
by Both and Wallasch^ or by Bichards and Barry ,2 respectively, 
is accepted. It should be pointed out that the above argument 
might well be reversed, since most chemists will be ready to admit 
the cyclic conjugation of the benzene molecule, and if the latter 
is represented by the formula I, then it would seem that 
A^^"hexadiene should be represented by the expression II. In 

Me-C CH 

l| jl ' :i 

Me-C -CH 

, (h) (II.) 

this way, the striking analogies between the properties of certain 
compounds containing conjugated double bonds and others of true 
aromatic type might receive some explanation. From the above, 
it will be seen that the energy of each carbon atom in benzene is 
Ibout 5 Cal. above the normal for the carbon atom of a paraffin, 
whilst in ethylene the increment is 15 for each carbon atom. It 
is therefore particularly striking that in naphthalene and 
anthracene this increment per carbon atom is also about 5 Cal. 
Accordingly, all the carbon atoms in these polynuclear hydro- 
carbons are in a similar condition of unsaturation, and we are led 
to postulate complete cyclic conjugation in these cases also- The 
ortho-quinonoid formula for anthracene (III) which Auwers"^ 
deduces from his observations of the exaltation of the refractive 
and dispersive powers of 9-woamylanthracene becomes IV if com- 
plete conjugation is assumed. There is nothing in the experiments 
which militates against this view, although a decisive argument is 
furnished against the adoption of the old idea of a central para- 
linking, since dihydroanthracenes behave optically exactly as if 
they contained two normal benzene nuclei. 




\/\/\^ 

(III.) 


1| L L 

(TV) 


2 Annalm, 1915, 407, 134; A., 1915, ii, 146. 

3 /. Am&r, Chem. Soc,, 1915, 37, 993; A., 1915, ii, 421. 
" K. von Anwers, Ben, 1920, 53, [B], 941 ; A., i, 640..< 
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Fajans^ has developed a formula for the calculation of the heats 
of combustion and of formation of hydrocarbons from a more 
fundamentally sound point of view than that of Weinberg, but 
the chief interest of his work in relation to the present subject 
lies in the applications of his methods by Steiger ® and by Huckel7 
The former shows that the energy of the C~C linkings in graphite 
and in aromatic hydrocarbons is almost identical, and draws the 
conclusion that there is a close analogy in the arrangement of the 
carbon atoms and in the subdivision of their valencies in the mole- 
cules of all these substances. The latter has employed the con- 
siderations developed by Fajans and by Steiger to the determination 
of the energy of polymethylene rings, in order to compare the 
results with those which might be anticipated from Baeyer’s theory. 
The value for ‘002' open chains is known to be 158 Cal., and the 
abnormal energy of polymethylenes can therefore be very simply 
estimated by dividing the heat of combustion by the number of 
carbon atoms, and comparing the value for the polymethylene 
•CHo* thus obtained with the normal. In this manner, the values 
170, 168‘5, 165’5, 159, 158 are obtained for the methylene group 
in ethylene, cyclopropane, cycZobutane, cyc^opentane, and cyclo- 
hexane respectively. These results are in general agreement with 
the strain theory, but the values obtained for even such simple 
derivatives as the methylpolymethylenes and also for cyc?oheptane 
require further elucidation. 

Sidgwick s has passed in review the boiling points of a very large 
number of position-isomeric benzene derivatives, and has pointed 
out some hitherto unrecognised regularities and certain interesting 
exceptions. The derivatives of benzene may be roughly divided 
into two classes, the normal, in which the boiling points of isomeric 
ortho-, meta-, and para-compounds do not differ by much more 
than 10°, and the abnormal, in which the difference is more than 
10°, and usually from 20 — 80°. In the normal series the sub- 
stituents are of the unchangeable type, and may be alkyl (not 
aryl), alkyloxy-, or ester groups. In the abnormal series the 
boiling points of the meta- and para-derivatives are fairly close 
together, whilst the ortho- is much lower; the substituents here 
are of a reactive type, such as hydroxyl, carboxyl, amino-, and 
nitroxyl. These relations extend to the solubilities in water, so 
far as they have been observed. The isomer ides in a normal 
series exhibit similar solubilities, whereas in abnormal compounds 

5 K. Fajans, Her., 1920, 53 , [B], 643 j A., ii, 354. 

® A. L. von Steiger, 666 ; A., ii, 355. 

7 W. Huekel, iUd„ 1277 ; A., i, 603. 

8 K. V. Sidgwick, T., 1920, 117 , 389. 
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this is not the case ; and where one of the substituents is hydroxyl, 
the unexpected result is noted that the ortho-derivative is far 
less readily soluble in water than the mela- or para-derivatives. 

A good example of an abnormal series is that of the iiitro- 
phenols. o-Nitrophenol boils about 80^ lower than the m- and 
p-nitrophenols, and it is also much less readily soluble in water. 
The chlorides of the phthalic acids are anomalous, having the 
boiling points: o-, 28P; m-, 276°; p-, 259°. If the explanation 
is that the ortho-derivative has a ring structure, as seems quite 
probable on chemical grounds, then this view should logically be 
extended to the meta-derivative also, and the work of von Braun 
(see below) removes much of the prejudice which might have been 
felt against such an assumption. In almost all cases a para- 
compound boils at a higher temperature than the isomeric meta- 
derivative, but in eleven series in which this rule is reversed one 
of the substituents is always amino- or substituted amino-. This 
indicates a constitutional peculiarity for which no explanation is 
as yet forthcoming. 

Some interesting work has been carried out on the influence of 
nitro-groups on the reactivity of substituents in the benzene 
nucleus. Kenner and Parkin^ studied the action of ammonia 
and of sodium methoxide on 2 : 3-, 3 : 4-, and 2 : 5-dinitrotoluenes, 
and explain their results in terms of a hypothesis which may be 
briefly stated in the following propositions: [a) Meta-directive 
groups activate substituents in the ortho- and para-positions, and 
ortho-para-directive groups have a similar effect on those in the 
meta-position. {h) The displacement of mobile substituents 
depends primarily on the formation of a molecular additive com- 
pound which undergoes rearrangement or decomposition leading 
to the reaction product, (c) The group responsible for the 
formation of the additive compound is not itself displaced, 
(d) Steric hindrance may be the orientating factor in a displace- 
ment by affecting the initial process of addition. This is a some- 
what complex hypothesis, and it is unfortunate that it appears 
to be necessary to have recourse to that most luisatisfactory of 
expedients, steric hindrance, but the facts are certainly difficult 
to reconcile with a more simple explanation. In 2:3-dmitro- 
toluene, for example, it is the 2-nitroxyl which is displaced, and 
this is explained by assuming that steric hindrance prevents the 
2-nitro-gxoup from partaking in the formation of an addifive 
product which occurs by the agency of the 3-nitro-group, and 
therefore the 2-nitro-group is displaced. With 3:4-dinitro- 
toluene, however, the activating influence of the ortho-para-direc- 

* X Kenner and M. Parkin, T., 1920, 117, 862. 
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tive methyl group is able in the absence of steric hindrance to be 
the deciding factor, and the nitroxyl in the 3-position is displaced. 
The experiments of Holieman and his collaborators on the dis- 
placement of groups in the dichloronitrobenzenes and chlorodinitro- 
benzenes are examined from this point of view, and the results are, 
in the main, shown to be in good accord with the theory. During 
the present year the latter work has been extended to the eleven 
dichlorodinitrobenzenes, and by means of a qualitative and quanti- 
tative study of the action of sodium methoxide on these isomerides 
several interesting points have been illustrated. The activity of 
a nitro-group, for example, is found to be strengthened by the 
introduction of a chlorine atom in the meta-position. 

Kenner and Parkin give good reasons (loc. cit.) for rejecting 
the theory that the intermediate products postulated have a 
quinonoid structure, but there is at least one case, the displace- 
ment of nitroxyl by methoxyl in s-trinitrobenzene, in which the 
existence of a quinonoid intermediate stage is the simplest 
assumption which can be made to explain an otherwise anomalous 
reaction. 

There are a number of cases in the literature of substances 
which may have a chain connecting the meta-positions in the 
benzene nucleus, but Braun and his collaborators have now pre- 
pared a series of substances which undoubtedly contain such ring 
systems and of a type which has hitherto been deemed incapable 
of existence. The first example was a heterocyclic substance 
obtained by the reduction of julolidine methochloride,^^ and this 
was followed by the observation that m-xylylene dicyanide on 
reduction by means of sodium and alcohol yields as the main 
product the saturated secondary amine (Y) in which the C2H4- 
group may have the ethylene or ethylidene arrangement. The 
quaternary dimethylammonium hydroxide obtained from it in the 
usual manner loses water and dimethylamine on distillation, fur- 
nishing the unsaturated hydrocarbon (YI), which may be reduced 


O' 
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YKH 

CHj-CHj 
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JBec. trav. chim.t 1915, 35, 1 ; 1916, i, 22. 

A. F. Holieman and A. J. den Hollander, ibid., 1920, 39, 436; A., i, 639. 
J. von Braun and L. Neumann, Be,r., 1919, 52, [B], 2015 ; A., i, 87. 

J, von Braun, (Frl.) L. Karpf, and W. von Garn, ibid., 1920, 53, [B], 98; 
A., i, 251. 
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by means of bydrogeii in the presence of colloidal palladium to the 
saturated hydrocarbon (VII). 

All three substances are converted by oxidation into ^wphthalic 
acid. The two hydrocarbons have characteristic odours and 
abnormally low densities. This significant discovery is certain to 
stimulate numerous further investigations. 

Statements at variance with the current stereochemical doctrine 
are prone to be regarded with suspicion, and perhaps more par- 
ticularly when made in connexion with the clieniisiry of cinnamic 
acid and its isomerides, for in few branches of research has it been 
so frequently necessary to correct or reinterpret published experi- 
ments. It is now claimed that on fusing cinnamic anhydride 
with tartaric acid, ciniianiates are formed which “induce" optical 
activity in a portion of the cinnamic acid, so that optically active 
cinnamic acid may be extracted from the fusion by means of light 
petroleum. If the fact be as stated we may well accept the theory, 
but much more evidence is needed as to the homogeneity of the 
optically active material. An interesting asymmetric synthesis 
of a novel type is that of /-mentliyl d-phenyl-/J-tolylacetaie, which 
is obtained by the interaction of /-menthol and phenyl- j^toiylketen 
in ethereal solution. This represents one of the simplest and 
least unexceptionable examples of asymmetric synthesis which has 
been placed on record. 

The two stereoisonieric forms of the eiiolic modification of ethyl 
phenylpyruvate, and also the ketonic modification, have now been 
prepared.^® The solid enol (a: in. p. 51 — 52°) is that which was 
already known.^" On distillation it is slowly changed into a more 
stable liquid enol (i3), and this by the action of sodium acetate 
becomes the ketonic modification (y: m. p. 79°). 


11‘C'Ph Ph-C-H 

HO'C-COgEt BO*{3-CO,Et 

a. )3. 


OHgPh-CO'COgEt 

7 * 


The a- and jS-isomerides are readily brominated at -15°, and 
yield a dibromide which rapidly loses hydrogen bromide at the 
ordinary temperature with the formation of ethyl phenylbromo- 
pyruvate. The concordance between theory and practice is com- 
plete, especially since the y-form can be brominated only in boiling 
carbon disulphide, and then yields a complex product, 


E. Erlenmeyer and G. HilgendorH, Biochem. Zeitsch., 1920, 108, 7% A., 
i, 615. 

B. Weiss, Monatsh., 1919, 40, 391 j A., i, 555. 

H. Gault andB. Weiek, Compt rend., 1920, 171, 395 ; A,, i, 675. 

J. Bougault, ibid., 1914,158, 1424,* A., 1914, i, 839; J. Bougault and 
(Mile) B. Hemmerl6, ibid., 1915, 160, 100; A., 1915, i, 78. 
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riiere is very little real progress to record in connexion witL. 
tlie problem of the relation of colour to constitution, perhaps 
because the most active workers in this field are devoting their 
energies to the solution of those more fundamental difficulties 
which their earlier investigations disclosed. Among those who 
apply the organic chemist's instinct to this subject Kauffmann is 
prominent, and the development of his views will be followed with 
sympathetic interest. A communication's which is characteristic 
of the author s point of view contains an account of the theory 
of the colour of triphenylcarbinol salts based on the hypothesis of 
divisible valency, and also a description of experiments made to 
illustrate the point that basic function andl colour-producing 
function of auxochromes do not run on parallel lines. The isomeric 
dimethoxybenzaldehydes (2 ; 5-, 3 : 4, and 2 : 4-) were condensed with 
a series of substances containing a reactive methylene group such 
as nitromethane, phenylacetonitrile, and diketohydrindene, and in 
all cases it was found that the resorcinol derivative was most basic 
and least coloured, whilst the quinol derivative was least basic and 
most coloured and the catechol derivative occupied an intermediate 
position. It may be noted in passing that the colourless triamino- 
triphenylmethyl cyanide prepared from pararosaniline and 
potassium cyanide passes into a coloured dissociating cyanide under 
the influence of the light of an iron arc.^® 

Turning to the subject of reaction mechanism, it is certainly 
noteworthy, although not at all surprising, that certain unsaturated 
hydrocarbons containing conjugated ethylene linkings can combine 
with negatively substituted diazonium salts with the formation of 
normal azo-compounds. Thus the compound 

CH2:CMe-CMe:CH*N2-C6H4-N02 

is readily obtained from dimethylbutadiene and p-nitrobenzene- 
diazonium chloride in glacial acetic acid solution. Curiously 
enough, it may be reduced by means of tin and hydrochloric acid 
to a corresponding aminohydrazo-derivative. The occurrence of 
this coupling reaction is held to support the view that diazo-salts 
react with aromatic compounds by virtue of an addition to a con- 
jugated system of double bonds. This will be readily admitted, 
but, in view of the enormously greater readiness with which the 
reaction occurs in the case of phenols and amines, it seems reason- 
able to include the unsaturated oxygen or nitrogen atoms in the 
conjug'hted system. In this way, too, the theory of Karrer,^! that 

H. Ka-uflmann, Her., 1919, 52, [B], 1422 ; A., i, 50. 

^9 I. LifscHtz and C. L. Jofie, ibid,, 1919 ; A., i, 95. 

20 K. H. Meyer and V. Schoeller, ibid., 1468'; A., i, 97. 

21 Ibid., 1915, 48, 1398; A., 1915, i, 1073. 
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addition occurs at tlie oxygen of plienols or tiieir ethers and at the 
nitrogen of aromatic amines, is satisfactorily brought into line 
and the numerous cases of hydrolysis of phenol ethers during 
coupling become explicable. 


Various Reactioiis and Synthetical Methods. 


Halogenation . — Chlorine may be introduced into the side-chain 
of toluene and certain derivatives by treating these substances with 
aqueous hypochlorous acid at temperatures below 0°.-^ ig 
possible to prepare iji this manner benzyl chloride, benzylidene 
chloride, chlorobenzyl chloride (but not dichlorobenzyl chloride), 
xylyl chloride, and tolylidene chloride. 

Aromatic nitro-compounds 'when heated with bromine to a high 
temperature in sealed tubes are changed in many cases to corre- 
sponding bromo-derivatives which often suffer further bromination. 

The reaction-^ is not a novel one, but has not been employed 
to any considerable extent as an instrument of research. Many 
fresh examples are recorded, and advantage is taken of the process 
to demonstrate that the crude nitration product of anthraquinone 
contains in all probability the 1 ; 2- and 1 : 3-dinitroanthraquinones. 
I’ollowing up the clue, the 1 : 3-isomeride has actually been isolated 
from the reaction mixture 

Sulyhonation . is a powerful catalyst in sulphonation, 
and, for example, it is claimed that an excellent yield of o-sulpho- 
benzoic acid is obtained from benzoic acid.^^ xhe catalyst has, 
therefore, a definite orientating effect.* 

Quinol^e reacts with aqueous sodium hydrogen sulphite at 100° 
with the formation of sodium cyc/^ohexane-l : 4-dioM : 2 : 4-trisul- 
phonate, whilst resorcinol 27 under the same conditions is changed to 
a substance which appears to be the sodium bisulphite compound 
of cycZohexane-3 : 6-dionesulphonic acid. 

Nitration . — The intensely coloured by-product obtained in the 
nitration of thymol ethyl ether was first isolated by Kehrmann 


22 Levinstein, Ltd., H. Levinstem, and W. Bader, Brit. Pat. 134250 j A., 
i, 21. 

2^ S. K Dhar, T., 1920, 117, 993. xm.» 1001. 

2® J. X. R4y and M. L. Ley, ibid., 1406. 

Mr. Ogilvie, wlio has repeated the experiment of the sulphonation of 
benzoic acid under the conditions prescribed in this paper, reports thac he is 
able to confirm the catalytic effect of iodine in the reaction. On alkali-fusion 
of the product, however, w-hydroxybenzoic acid (m. p. 199 — ^200®} was pro- 
duced, and there was no evidence of the formation of salicylio acid. 

2® W. Fuchs and B. Eisner, Ben, 1919, 52, [B], 2281 ; A.. L 169. 

Ibid., 1920, 53, [B], 886; A., i, 645. 
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and Messinger,28 and later studied by Decker and Solonina,29 wbo 
regarded the substance as a quinonoid anhydro-salt of dicymyl- 
hydroxylamine iY-oxide. The discovery that in many cases the 
perchlorates of these bases can be readily isolated has led to more 
extended investigations embracing the action of nitric acid on 
other phenol ethers. The nitration product of anisole, added to 
perchloric acid, gives a crystalline precipitate of the perchlorate 
(VIII), and this may be reduced to di-p-anisylamine, or by very 
gentle treatment to di-p-anisylnitric oxide (IX). 

0Me-C,H,-N(:0):C,H,:0<^^ NO(C,H,-OMe), 

(vni.) ‘ (ix.) 

The quinonoid perchlorate yields solutions which are pure blue 
in thin layers and red in deep layers. The nitric oxide has the 
appearance of copper powder, and is much more stable than the 
corresponding diphenyl derivative, and this is remarkable, since 
di-p-tolylnitric oxide is less stable than the latter substance. 

Eeplacements . — The direct conversion of bromobenzene into 
benzoic acid, p-dibromobenzene into terephthalic acid, p-bromo- 
aniline into p-aminobenzoic acid, and similar transformations in 
the benzene, naphthalene, and thiophen series, may be accom- 
plished by the action of aqueous or aqueous alcoholic potassium 
cyanide in the presence of cuprous cyanide at 200°.32 Although 
copper is the unique catalyst in this reaction, and also in the dis- 
placement of halogen directly attached to the nucleus by hydroxyl 
or amino-groups, other elements or their compounds may be of 
practical service in effecting the transformations of diazonium com- 
pounds. Thus the double cyanide of nickel and potassium may be 
used for the preparation of nitriles by the Sandmeyer method 
with good results,^® and cobalt thiocyanate is an excellent catalyst 
for the conversion of diazonium salts into the corresponding thio- 
cyanates. Nickel and cobalt salts are, however, ineffective in the 
preparation of halogen derivatives through the diazonium salts. 

Aromatic acids may in certain oases be reduced to aldehydes via 
their anilides and related phenyliminochlorides. These are con- 
verted by stannous chloride in ethereal solution into the tin double 

Ber., 1901, 34, 1626; A., 1901, i, 484; compare F. Kehrmann, Her., 1919, 
52, [B], 2119; A, i, 156. 

1902, 35, 3217; A., 1902, i, 767. 

3® K. H. Meyer andH. Gottlieb-Billroth, ^m, 1919, 52, [B], 1476; A., i, 37. 

H. Wieland and M. Offenbacher, ibid., 1934, 47, 2111 ; A., 1914, i, 955. 

K. W. Rosenmund andE. Struck, ibid., 1919, 52, [B], 1749; A., i, 44. 

^ A. Korcz;^iiski, W. Mrozinski, and W. Vielau, Compt. rmd., 1920, 171, 
182 ; i, 643. 
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salts of Scliiff's bases, wbicb, may be hydrolysed, and good yields 
of the aldehydes are so obtained Beuzaldehyde, cinnaiiialdehyde 
^hydroxybenzaldeliyde (starting from ;^ethylcarbollatobellzoic 
acid), and 3 :4 :5-trimethoxybenzaldehyde have been prepared in 
this way. 

Friedel -Crafts EeatUon. — The action of cyanogen bromide on 
various aromatic substances in the presence of alimiiniiun chloride 
has been further investigated and good results have been obtained 
especially with the phenol ethers, which are converted into nitriles! 
The method will be serviceable in tliose cases where the corre- 
sponding hydroxy-acid is not conveniently prepared by the usual 
methods, such as the Kolbe synthesis and the action of bicarbonates 
on the polyhydric phenols. Cyanogen chloride gives the same 
products as the bromide, and is almost equally reactive. 

A modification of the Friedel-Crafts reaction has been 
described, and consists e.sseiitially in the employment of an 
aromatic hydrocarbon with aluminium powder and excess of 
mercuric chloride. It is thought that the reaction proceeds in 
accordance with the equation 

CoH, p A1 + 2HgCl.,- C\;HoAlCL- HgCl -u Hg, 

and the large excess of mercuric chloride is designed to avoid the 
production of mercury. Using this product as catalyst, a number 
of remarkable results have been obtained. For example, thian- 
thren is prepared from benzene and sulphur in a yield of 85 per 
cent, of that theoretically possible. 

Closely associated with the Friedel-Cb'afts react-ion in perform- 
ance, although not in theory, is Hoesch’s synthesis, which, it will 
be recalled, is based on the production of the ketimine hydro- 
chlorides by the condensation of nitriles with phenols by hydrogen 
chloride in the presence of anhydrous zinc chloride and ether. 
Hydroxy- and methoxy-acetonitriles have now been employed in 
this reaction, and condensed with such phenols as re.sDrcinol and 
its methyl ether and phloroglucinoL Tn some cases, the use of 
zinc chloride is found to be unnecessary, and a 94 per cent, yield 
of (o-methoxyresacetophenone is obtained by hydrolysing the initial 
product of the condensation of methoxyacetonitrile and resorcinol 
in ethereal solution by means of hydrogen chloride.^^ 

Formaldehyde Condensations . — -The usual asvsumpiion is that the 
condensation of formaldehyde with aniline and it.s derivatives, ^ith 

A, Sonn and Ernst Miiller, Ber., 1919, 52, [B], 1927 ; A., i, 58. 

P. Karrer, A. Rebmann, and E- Zeiler, JBelv. Ghim. Acto, 1920, 3, 291; 

*^'4 ** 1920 , 117 , 1335 . 
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tlie formation of substituted dipbenylmethanes, occurs exclusively 
in the para-position with respect to the amino-group. This is 
erroneous, and the product from dianilinomethane or from 
anhydroformaldehydeaniline and aniline is a mixture of 4 ; i’- and 
2 : 4^-diaminodiphenyhnethanes in the proportions of approximately 
nine to one.^^ Examination of the nitro-derivatives of the crude 
product supplied the first clue, and methods were later evolved for 
the actual separation of the constituents of the mixture. The 
production of 2 :4^-diaminodiphenylmethane (X) in this condensa- 
tion is paralleled by that of diaminophenylacridiiie (XI) in the 
magenta fusion. 


(X.) (XI.) 

A careful study of the conditions of condensation of chloro- 
methyl ether and dichloromethyl ether with aromatic compounds 
has led to the elaboration of a novel method for the direct intro- 
duction of the chloromethyl group into the aromatic nucleus.^® 

Of the various suggested processes, that which depends on the 
condensation of the aromatic hydrocarbons with s- dichloromethyl 
ether in the presence of zinc chloride appears to be the most satis- 
factory in practice. It is unnecessary to employ highly purified 
dichlorodimethyl ether, the crude oil from the action of hydrogen 
chloride on 40 per cent, aqueous formaldehyde being utilisable, 
and it is even an advantage in some examples to employ the whole 
crude product without separation of the aqueous layer, and in that 
case sufficient anhydrous zinc chloride is added ultimately bo form 
ZnCl2,2H20. Benzyl chloride, 7 ?-xylylene dichloride, ;p-chloro- 
benzyl chloride, and other similar substances were successfully pre- 
pared, and the reaction is also applicable to the introduction of 
the bromomethyl group. 

The condensation of styrene with formaldehyde yields ^-phenyl- 
triinethylene glycol (XII) and its methylene ether. Anethole 
gives rise to a similar product, whilst camphene in glacial acetic 
acid solution is changed by trioxymethylene into homocamphenol 

='8 H. King, T., 1920, 117, 988. 

8® H. Stephen, W. H. Short, and O. Gladding, ibid., 510. 
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acetate. Homocamplienol or camplieiiylideiie-6-efcliaiiol lias been 
oxidised to the corresponding aldehyde and acid, and nnmerons 
derivatives have been prepared. 

CHPb(CH,-OHh CHPh:OH*OH:CH*CO*NH„ 

(XII.) (XIII) 

OHPh:CH-CH:CH-NH*CO,Me CHPb:CH*OH 2 *CHO 

(XIV.) ^ (XV.) 

Hofmann Reaction . — It is well known that the Hofmann reac- 
tion for the preparation of amines from acid amides does not 
proceed smoothly with a^-nnsaturated amides, but this is due to 
the ready hydrolysis of the nnsatnrated amines into an aldehyde 
and ammonia. Experimental details have now been recorded 
applicable to the control of this process, and enabling the final 
product to be isolated. To take an example, cinnamenylacrylamide 
(XIII) is treated with sodium hypochlorite in the presence of 
methyl alcohol, and the product is cinnainenylvinylurethane 
(XIV), which is hydrolysed by sulphuric acid to /3-benzylidene- 
propaldehyde (XV). If the process is a reasonably general one, it 
will have many applications. 

Oxidation . — The catalytic oxidation of benzene by gases con- 
taining oxygen at temperatures of 300 — 700® results in the pro- 
duction of p-benzoquinone and maleic acid .^2 process is clearly 
of technical interest, and a large variety of catalysts are claimed, 
but probably none is so effective as the first-named, which is 
vanadium oxide distributed on pumice. 

It is perhaps worth noting, in view of the ever-increasing appli- 
cation of the method of ozonisation, that potassium ferrocyanide 
reduces many ozonides of unsaturated substances with the 
minimum formation of tarry by-products.^^ The constitution of a 
number of enols has been probed by examining the products of 
their oxidation by ozone. 

The anodic oxidation of benzoic acid introduces hydroxyl groups 
into the nucleus.^® Catechol, quinol, 2 :5-dihydroxybenzoic acid, 
and a hydroxyquinolcarboxylic acid were isolated from the product. 

The oxidation of amines still engages attention, and Gold- 

H. J. Prins, Froc. K. Alcad. Wetemch. Amsterdam, 1919, 22, 51; A., 
i, 42 ; G. Langlois, Ann. Chim., 1919, [ix], 12, 265; A., i, 241. 

" 1. 1. Rinkes, Bee. trav. chim., 1920, 39, 200 ; A., i, 322. 

J. M. Weiss and C. R. Downs, J. Ind. Mng. Ghem.f 1920, 12, 228; A., 
i, 426. 

C, Harries, D.B.-P. 321567 ; A., i, 675. 
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sclmiidt finds tliat Bamberger's bypotbesis, that pbenylbydroxyl- 
amine is tbe sole first stage in tbe oxidation of aniline, is in- 
adequate, since that substance is not sufficiently reactive to explain 
tbe formation of tbe polynuclear oxidation products. An addi- 
tional first stage is therefore postulated in tbe bivalent radicle 
PbN!, which polymerises into azobenzene, benzoquinonepbenyldi- 
imine, NPhlCgH^INH, and emeraldine. 

By carrying out tbe oxidation of amines with a free para- 
position in ether by means of lead peroxide and anhydrous sodium 
sulphate, azo-compounds and quinonearyldi-imines are produced, 
and, what is still more interesting, tbe oxidation of a mixture of 
amines yields mixed azo-compounds and mixed quinonearyldi- 
imines. Triphenylbydrazine is oxidised at -60*^ in methyl ether 
to hexaphenyltetrazane, NPh 2 *NPh*NPh*NPh 2 , which can be 
isolated as a green crust, and forms solutions in ether, which are 
pale greenish-blue at — 80°, and deep blue at the ordinary 
temperature. This is probably due to dissociation into the radicle, 
triphenylhydrazyl, NPh 2 *NPh***, relatively stable to oxygen, but 
easily combining with nitric oxide. Wieland and his school have 
continued the study of the ditertiary bydrazines,^^ but tbe results, 
although of great interest, are along the lines of previous work 
emanating from the same laboratory. Tetrabenzylhydrazine shows 
no tendency to dissociate, and it appears that this phenomenon is 
conditioned by the direct attachment of the nitrogen to the 
nucleus, and that it is intensified when there are ortho-para- 
directive substituents in the ring. 


Unsaturation, 

Pinene, nopinene, and y-pinene have remarkable avidity for 
hydrogen chloride and hydrogen bromide, so that, especially at 
elevated temperatures, these hydrocarbons will actually decompose 
aniline hydrochloride and ammonium chloride, with the formation 
of the hydrochlorides of the terpenes. Bornyl chloride is also 
formed by double decomposition between pinene and numerous 
chlorine-containing terpene derivatives, such as sylvestrene 
dihydrochloride and camphene hydrochloride. The observation 
may be of practical, as well as of theoretical, interest, since it 
would be difficult to devise a more neutral reagent than a terpene, 
and this is frequently a desideratum in processes which involve the 
removal of the elements of halogen acids. 

S. Goldschmidt, Per., 1920, 53, [B], 28; A., i, 226, 268. 

47 Wieland and E. Schamberg, ihid., 1329 ; A., i, 768. 

** 0. Aschan, Ofvers, Finsha Fei.-Poc., 1916, 58 ; A., i, 318. 
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The possible luiniber of polyraerides of an nnsynimetrical 
ethylene derivative of the form ('/CTKCH/> is very great, even when 
the dinierides alone are calcnlated and the consUtntion is restricted 
to the possible cycfo-butanes and bntylenes. Tlicory indicates two 
cyc/obntanes, each existing in four stereoisomeric modifications, 
and five butylenes, each of which would have r/x- and /w/os'-forins. 
That is, there are eighteen possibiliiies, without iiichiding the 
enaiitiomorphons or racemic modificaticjiis. Piixeddii restricts 
the possible iuimber of polymerides of anethole to eleven, and has 
now succeeded in isolating the seveiilli known su])stance of this 
type by fractionally distilling in a vacuum, and afterwards crystal- 
lising the white precipitate obtained by the addition of ferric 
chloride to an ethereal solution of the anisylmethyletliylene. 

At 120 — 180°, two molecules of isoprenc rapitlly attack one of 
yi-benzoquinone, with the production of a substance, to which the 
formula XYI has been provisionally assigned. It forms a ietra- 
bromide and dioxime. The reaction is clearly related to the 



(XVI.) 


OHPh-CHa 

6c — cpil 


(XVII.) 


polymerisation of isoprene itself, with the formation of dimethyl- 
cycfooctadiene, 

A further numerous class of similar reactions are those which 
involve the formation of c//c/obiitane derivatives from the ketens. 
Dimerisation of the latter produces cv/c/obnianediones, whereas 
with ethylene derivatives the addition of ketens yields cf/clo- 
butanones.^^ Thus styrene condenses with diphenylketen, with 
production of the compound XVIT, and many other examples have 
been recorded. cv/c/oPeniadiene reacts with one molecule of 
diphenylketen, wliilst A-methylpyrrole reacts with two inoleoules, 
even when the components are applied in molar proportions. 
Attempts have been made to prepare the optically active camphor- 
keten, in order to facilitate by polarimetric methods the study of 
these additive reactions, but only partial success was achieved. 
The most successful experiments were those on the action of 
quinoline on camphorcarboxyl chloride. The resulting soliffcion 
contains the desired product in the free state for a short period, 


^ E. Piixeddu, Gazzetta, 1920, 50, i, 149 ; A., i, 481. 

H. von Euler and K. O. Josephson, Ber„ 1920, 53, [B], 832; A., i, 489. 
H. Staudinger andE, Sutor, iHd., 1092; A., i, 556. 
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but it is very reactive, and quickly passes over into its dimerides. 
The fact that these were isolated in stereoisomeric modifications is 
opposed to Schroeter’s view that these substances are molecular 
compounds bound together loosely by partial valencies, and is 
strong evidence that they are correctly regarded as normal cyclo- 
butane derivatives.^^ 

Some extremely suggestive results have been obtained in the 
course of an investigation of the behaviour of diphenylnitric oxide 
towards other radicles, such as nitric oxide and triphenylmethyl.^^ 
Diphenylnitric oxide, Pk^NIO, is apparently the analogue of 
nitrogen peroxide, and when treated with nitric oxide at 0°, the 
initial product is probably 0INPho*N!0, which is the analogue of 
nitrogen trioxide. The products actually isolated are the nitroso- 
derivatives of diphenylamine and ;/;-nitrodiphenylamine, and the 
mechanism of their production is probably as follows. The hypo- 
thetical intermediate isomerises into diphenylnitroamine, 
Ph 2 N*N 02 , and then nitrodiphenylamine, N 02 *CgH 4 *NHPh, which 
when produced is immediately nitrosated by the supposed inter- 
mediate, in accordance with the scheme : 

hTOa-CfiHpNHPh-h 0:NPh2-N:0=N02*C6HpNPh-N0-i-NPh2*0H. ’ 
Auto-decomposition of diphenylhydroxylamine produces diphenyl- 
amine, which is itself nitrosated according to a similar scheme. 
That an analogue of nitrogen trioxide is actually produced in this 
reaction may be proved by performing the process in the presence 
of a secondary base, such as di-p-tolylamine, when large amounts 
of the related nitrosoamine can be isolated. With triphenyl- 
methyl, diphenylnitric oxide yields the compound XVIII, the 
initial product being so unsaturated that it unites with a second 
molecule of the hydrocarbon. The constitution of the substance 
follows from the products obtained by catalytic hydrogenation. 
These are diphenylamine and p-benzhydryltetraphenylmethane, 
the nature of which has been elucidated by Tschitschibabin.®^ 

PhjN-O-CPhj^ ^CPh,. 

(xvm.) 


Molecular ’Rearrangement. 

The smooth transformation of ^^-butylaniline into 4-butylaniline 
by heating with hydrochloric acid or certain metallic chlorides 

H. Standinger and S. Schotz, Ber.^ 1920, 53, [B], 1105 ; A.,i, 557. 

H. Wielancl and K. Roth, ibid., 210 ; A., i, 304. 
mi, 1904, 37, 4709 ; A., 1905, i, 125. 

J. Reilly and W. J. Hickinbottom, T., 1920, 117, 103. 
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is of interest, on account of the fact that no rearrangement of the 
butyl radicle occurs in the process. It will be recalled that 
Ladenburg found that propylpyridinium salts gave a-isopropyh 
pyridine on heating, and there are many similar instances. The 
statement in the theoretical discussion of the process that the 
reaction cannot be satisfactorily explained by assuming the inter- 
mediate formation of butyl chloride is of doubtful validity, and 
experimental evidence opposed to the theory of double decomposi- 
tion and re-synthesis is not put forward. 

Attempts during the present year^® to generalise the Claisen 
transformation have been quite unsuccessful, and the rearrange- 
ment of phenolic ethers into substituted phenols on heating appears 
to be characteristic of the allyl ethers. 

j8-Naphthyl vinyl ether, which does not undergo the transform- 
ation, has an intense odour of tangarine skins. 

A pinacone-pinacoline type transformation, which involves the 
conversion of a hydrogenated naphthalene into a hydrindene 
derivative, is illustrated in the annexed scheme, the reagent 
employed being silver nitrate in ethereal solution.^s 




CH-OH 
|OHI 


/V 

CH, 


/■ 


> 


-rCH-OHO 


CH, 


When benzophenoneoxime is warmed with phosphorus penta- 
sulphide, it yields thiobenzanilide as the result of a Beckmann 
change. It is now found that the rearrangement is due to the 
formation of an ester of the thio-oxime, since, if the reaction is 
carried out in ethereal suspension, thiobenzophenoneoxime 
hydrogen phosphate, HO-PO(SN:CPh 2 ) 2 , is obtained, and this 
changes into thiobenzanilide at 70^^ with almost explosive 
violence.®® 

^ Still another transformation has been discovered which is con- 
ditioned by, and peculiar to, the allyl group. Methylallylaniline 
A-oxide, CHg.CH-CHg'O'lSrPhMetO, heated in presence of alkali 
in a current of steam, is converted into A-phenylmethyl-O-allyl- 
hydroxylamine, CHglCH-CHg-O-NMePh.eo 

S. G. Powell and B. Adams, J. Amer. Ghem, Soc., 1920, 42 646- A 
i, 381. 0*0^^., 

J. von Braun and G. Kirschbaum, Ber., 1920, 53, [B], 1399; A. i 728. 

M. TiSeneau and A. Ordkhofi, Compt. rend., 1920, 170* 465 • *4 i 3ia * 
i 3 if’ Ooll 8cl Kyoto, 1919, 4, 69; A., 

J, Meisenheimer, Eer., 1919, 52, [B], 1667; A., i, 36. 
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Natural Products. 

CMorogenic acid, tlie tannindike constituent of coffee, lias been 
re-examined,®^ and found to kave a relatively simple constitution. 

It is apparently a depside of caffeic acid and quinic acid, in wkicb 
tke carboxyl group of tke caffeic acid assumes the ester function, 
as shown in the formula: 

CeH3(0H)2-CH:CH-C0*0-C6H7(0H)3*C02H. 

Aspidinol and an isomeric compound, i//-aspidinol, are obtained 
by condensation of butyronitrile with methylphloroglucinol 
^-monomethyl ether in the presence of hydrogen chloride.®^ The 
two compounds are doubtless the 3- and the 6-butyryl derivatives 
of the methylphloroglucinol methyl ether, but it is not yet possible 
to assign one formula or the other to aspidinol. In connexion 
with the synthesis of plant pigments and other natural products 
containing the phloroglucinol nucleus, it should be noted that 
phloroacetophenone, CgH2(OH)3*COMe, can be obtained by the 
hydrolysis of the pyranol, which is the isolated product of the 
Nencki condensation applied to phloroglucinol.®^ 

The investigation of capsaicin has been continued, and the 
pungent principle has been regenerated from synthetical vanillyl- 
amine and decenoyl chloride from the decenoic acid obtained 
by hydrolysis of capsaicin.®® There is little remaining doubt that 
the substance is decenylvanillylamide. As regards the constitution 
of the acid fragment, a little progress has been possible, since the 
fusion of this decenoic acid with potassium hydroxide furnishes 
acetic acid and an octoic acid with a branched chain. This proves 
that the a-carbon atom is joined only to the carboxyl group and 
one other carbon atom, but it gives no information relating to the 
position of the double bond, because it is well known that oleic 
acid and many of its isomerides yield acetic and palmitic acids 
on fusion with alkali hydroxides. 

The colouring matter of henna leaves, lawsone, has the empirical 
formula CioHgOg, and from its chemical behaviour the conclusion 
is drawn that it is a hydroxynaphthaquinone, and probably 
identical with 2-hydroxy-l : 4-naphthaquinone ®® 

The attack on the problem of carminic acid has been resumed, 

K. Freudenberg, Ber.^ 1920, 53, [B], 232 j A., i, 322. . > 

P. Karrer and F. Widraer, Bdv. Ghim. Acta, 1920, 3, 392 ; A., i, 441. 

K. B. Sen and P. C. Ghosh, T., 1920, 117, 61. 
e* E. K. Nelson, V.S, Pat. 1329272; A., i, 548. 

E. K. Nelson, J. Amer. Ghem, Soc., 1920, 42, 697 ; A., i, 380. 

G. Tommasi, Gazzctta, 1920, 50, i, 263 ; A., i, 626. 
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and, largely from analogy to the more closely investigated kermesic 
acid and the similar behaviour of carminic acid towards reducing 
and oxidising agents, the formula XIX has been assigned to the 
substance.67 Carminic acid is optically active, and the side-chain 
of unknown constitution is doubtless of sugar-like character; never- 
theless, the substance is certainly not a glucoside. It yields an 
octa-acetyl derivative, and by careful treatment a hexa-acetyl 
derivative, which may be oxidised by lead tetra-acetate to an 
unstable diquinone reducible by sulphurous acid. The moderated 
acetylation of carminic acid therefore leaves two hydroxyl groups 
in the a-position in the anthraquinone nucleus unaffected. 


OH 


Me P 

HOjC y OH 
(XIX.) 


S'imonseii has isolated a new dicyclic terpene from the con- 
stituents of Indian turpentine from Pinvs longi folia, Roxb. It 
has a oharacteristio, sweet odour, and; forms a crystalline uitrosate. 
On treatment with hydrogen chloride in ethereal solution, it 
yielded a mixture of <f-sylvestreue and dipentene hydrochlorides, 
and this conversion into the meta- and para-series at once sug- 
gested the possibility that the hydrocarbon is a carene havine 
one of the formuhe ® 


Me 


I 

C 

CH OH, 
CH, OH 
\/\ 


CH--OMej 

(A) A®-Carene. 


Me 

1 

CH, 

c 

II 

c 

/Y 

/\ 

CH, CH 

9=^ 9^2 

CH, CH 

CH, CH 

\/\ 

\/\ 

OH“CMe2 

CH-CMe, 

(E) A^-Carene. 

(C) Dehydrocarane. 


On oxidation by means of potassium permanganate, dimethyl- 
malomc acid, and, under other conditions, irares-caronic acid, were 
obtained, so that this view was amply confirmed. The molecular 
refraction was found to be 44.22, which is in good agreement with 
the calculated value (44T9) for a compound containing a cycjo- 
hexane and a cycfopropane ring, and which does not contain con- 
]ugated linkings or other causes of optical abnormality. This in 


0. Dimroth and H. Kammerer, Ber., 1920, 53, [B], 471 • A i 
J. L. Simonsen, T., 1920, 117, 570 » » » > 
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itself favours the formula A , and is almost decisive against B. 
O is improbablej, since the glycol obtained by very careful per- 
manganate oxidation does not react with phthalic anhydride in 
benzene solution, an indication that the group is absent. 

The terpene is dextrorotatory, and is called d-carene. It is very 
probably d-A^-carene, and is the first naturally occurring terpene 
which has been found to contain the carane ring. 


AUcyclic Group. 

When it is considered how difficult it may be to introduce two 
alkyl groups into certain esters, for example, ethyl benzoylacetate, 
which form relatively stable sodium derivatives, it appears remark- 
able that the alkylation of S-methylc^/c/ohexanone by means of 
methyl or ethyl iodides and sodamide should give rise to 2 : 2-di- 
methylcyc/'ohexanone or the corresponding methylethyl derivative 
respectively.®*^ The dialkylated ketones condense with benz- 
aldehyde to form benzylidene derivatives, so that there is no doubt 
as to the correctness of the constitutions assigned. Considerable 
improvements have been effected in the technique of the catalytic 
reduction of aromatic amines,^® and the conditions can now be 
regulated so as to obtain either a cycZohexylamine or a dicycZo- 
hexylamine as the main product. The catalyst employed is 
colloidal platinum, of which a rather larger proportion than usual 
is necessary. Thus, in reducing a monoamine, a catalyst concen- 
tration of about 0'6 per cent, is employed, and for a diamine about 
twice as much. The influence of temperature, concentration, and 
proportion of hydrochloric acid present in the mixture are all 
marked. Excellent yields of cyc^ohexylamine or dicyc?ohexyl- 
amine are obtained from aniline, and the reduction of the 
toluidines and m- and p-nitroanilines has been effected with equally 
good results. The methylcycZohexylamines from the three tolu- 
idines are each obtained in stereoisomeric forms, recognised by the 
production of a- and ^-benzoyl derivatives. The new availability 
of these useful bases will probably provide a further stimulus to 
the study of partly hydrogenated aromatic hydrocarbons, which 
are readily obtained from them by applying the process of 
exhaustive methylation. 

A communication of quite outstanding interest is that of Beesley 
and"* Thorpe, dealing with the preparation of derivatives of 

A. Haller and R. Comnbert, Gompt. rend., 1920, 170, 700, 973; A., 
i, 390, 441. 

A. Skita and W. Berendt, Ber., 1919, 52, [B], 1519; A., i, 27. 

R. M. Beesley and J. F. Thorpe, Y., 1920, 117, 591. 
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dicyclohiiojiQ and tricydohutdJiQ. A new system of nomenclature 
of associated alicyclic systems is proposed, and this is capable of 
accurately expressing in words and symbols the constitutions of 
the most complex interlocked structures. It is simple and logical, 
but a shortened exposition would serve no useful purpose, and the 
original must be consulted. In view of the fact that the intro- 
duction of the new nomenclature is a recent event, the compounds 
mentioned below are described in the ordinary way, the number- 
ing of the dicyclohviidjie ring commencing at the tertiary carbon 
atom. ^y8-Dimethylpropanetricarboxylic acid (XX) is converted 
into the dibromo-ester (XXI), and the latter is found to be 
changed by concentrated aqueous potassium hydroxide at a high 
temperature into l-methyM«cycZobutan©-2 : 3 : 4-tricarboxylic acid 
(XXII). 

/CH^-COjH /CHBr-CO,Et .CH-COjH 

CMee-OHj-COjH OMe(-CHBr-CO,Et CMe^C-COjH 
^CHj-COjH ^CHj-COjEt CH-OO^H 

(XX.) (XXI.) (xxn.) 

This remarkable compound can theoretically exist in three 
stereoisomeric modifications, and, in point of fact, three modifica- 
tions have been isolated, melting at 154®, 193®, and 165® respec- 
tively. The first-mentioned readily yields an anhydride, the third 
does so with greater difficulty, whilst the second shows no tendency 
whatever to form an anhydride. The carboxyl group in position 3 
is found on the models to point away from the system, and, more- 
over, methyhncyc^obutanetricarboxylic acid (see below) shows no 
tendency to form an 'anhydride, so that this property in the above 
acids is restricted to the carboxyl groups in positions 2 and 4. 
On this basis, the three isomerides have the configurations assigned 
in the following figures: 



(M. p. 154®.) (M. p, 193®.) (M. p. 165°.) 

The three acids are formed in approximately equal amount in 
the original reaction, and are separated by taking advantage of 
the fact that the acids are insoluble in ether, whilst the two 
anhydrides are readily soluble in this solvent. The mixture is 
therefore heated, and the anhydro-acid derived from the meso- 
c2.s-isomeride (m. p. 154°) extracted. The residue is treated with 
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acetic anhydride, when the racemic modification (m. p. 165°) is 
dehydrated, and can be similarly removed, leaving a residue of 
the meso-tfans-^,Qi6. (m. p. 193°). The neatest possible confirm- 
ation of the correctness of the assignment of the above formulas 
is obtained by studying the behaviour of the three isomerides on 
bromiiiation. The bromo-triethyl ester from the acid melting at 
154° simply yields a stable bromo-acid when hydrolysed, and this 
harmonises with the configuration, because the bromine atom does 
not approach the groups in the molecule, with which it can react. 
The bromo-tfiethyl ester from the acid melting at 165° yields, on 
boiling with pyridine, a lactonic ester (XXIII), because in this 
case the bromine atom is close to a carboxyethyl group. When 
the acid melting at 193° is treated with phosphorus pentabromide 
and bromine, and the product poured into alcohol, a bromo-deriv- 
ative is not formed at all, or, if formed, is too unstable to exist, 
and by loss of hydrogen bromide passes into an ester of methyl- 
#fic 2 /c/obutanetricarboxylic acid (XXIY). This, again, accords 
well with the configuration assigned to the acid melting at 193°. 



CM« > 



The acid, XXIV, the preparation of which was briefly 
announced in 1913,'^^ may also be obtained in small yield by the 
action of hot aqueous potassium hydroxide on the tribromo-ethyl 
ester derived from ySyS-dimethylpropanetricarboxylic acid (XX). 
From the structural point of view it is one of the most interest- 
ing substances synthesised in recent years, for the tetrahedral 
arrangement of the four substituents is concentric with that of the 
four groups attached to a methane carbon atom. The symmetry 
of methane is reproduced exactly, and enantiomorphism should 
be possible in this series only when all four groups are different. 
Again, the tetrahedral unit, C 4 , has the arrangement of atoms 
which is characteristic of the diamond crystal. It is most un- 
fortunate that a group of substances in which so many crucial 
tests &f the soundness of deductions from the models can be applied 
should be so difficult to prepare in large quantities. 

The condensation of .ethyl aa^-dibromo-/3i8^-dimethylglutarate 
with ethyl malonate in presence of alcoholic sodium ethoxide leads 

72 J. F. Thorpe, P., 1913, 29, 346. 
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to the formation of a yellow sodium salt, to whicli the constitution 
XXY was assigned^® On hydrolysis by acids, the monobasic acid 
XXYI is ultimately obtained, and all the experimental evidence 
is ill agreement with this view of the bicyclic nature of the sub- 
stances. It is now found that the acid XXVI is produced by the 
action of boiling dilute alkali hydroxides on aS-diketo-^jS-dimethyl- 
hexoic acid (XXYIT), which is obtained’'^ on oxidising dehydro- 
?>ofenchoic acid by means of potassium permanganate under special 
conditions. Too much attention need not be paid to the con- 
clusion drawn from this experiment that the formulse XXV and 
XXVI are insufficiently grounded, and that the substances are, 
in reality, cycZopentene derivatives, because the real existence of 
the fused cyclopropane ring has since been demonstrated in a 
convincing manner. 




,C(C02Et)-C:C(0Kra)-0E6 


!(C02Et) 


•6o 


(XXV.) 


MejO -C-OOjH 

'CH, 

HC- CO 

(XXVI.) 


OO,H'0O-OMe„'CH,-C0M:e 

(XXVII) 


It is pointed out that the valencies in the c^icycZopentane system, 
especially the central connecting linking, are from theoretical con- 
siderations in a state of considerable strain, and far more so than 
in the cyclopropane ring of carone. Thus, although caroiie may 
be readily oxidised by potassium permanganate, with the form- 
ation of im?z.s-caronic acid, it by no means follows that, under the 
influence of the same reagent, the cyclopropane ring in the sub- 
stances under discussion ought to be expected to behave in a 
similar fashion and to remain intact. As a matter of fact, this 
is not the case, and the ring is broken by potassium permanganate, 
with the formation of open-chain acids. When, however, the acid 
XXYIII, which is the initial product of the hydrolysis of XXV, is 
oxidised by means of potassium ferricyanide and potassium 
carbonate, it gives rise to trans-cdxoma acid. The formation of 


CMe,< 


CO-OOjH 

OHa-CO-CHj 


CMe <'^(0^X00, 

^ OH, 00 



CO 


W. H. Perkin, J. F. Thorpe, andC. Walker, T., 1901, 79, 729. 
N. J. Toivonen, Amakn, 1919, 419, 176; A., i, 49. 

’5 E. H. Farmer and 0. K. Ingold, T., 1920, 117, 1362. 
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XXVI from XXVII is therefore to be explained according to the 
above scheme (p. 90), the necessity for which is instructive. There 
is an obvious alternative scheme, in which the cyc/opropane ring 
would be the first to be formed. 

On account of its formulation by some chemists as an inter- 
mediate stage in the Wagner transformation, the hydrocarbon 
tricyclene (XXIX) has a special interest, and it has now been 
prepared by a series of processes from tricyclenic acid (XXX), 
the constitution of which is not disputed. 


CMe 

CO 

(XXVIII.) 


H .,0 CH—CH, 

! i,, I 



\ 1 / 

C-CHg 

(XXIX.) 


HgC — CH— OH2 

I CMe, j 

HC — J OH 



C-COjH 

(XXX.) 


The methyl tricyclenate is reduced by sodium and alcohol to the 
corresponding primary alcohol, which is oxidised to an aldehyde, 
the hydrazone of which yields the desired hydrocarbon on heating 
at 180 — 195° with an alcoholic solution of sodium ethoxide. 
Tricyclene (m. p. 64 — 65°) is a relatively stable substance, which 
may be oxidised by potassium permanganate in acetic acid solu- 
tion, with the formation of tricyclenic acid as one of the products, 
thus showing that the above process has not disturbed the ring 
system. It is converted by heating with sodium hydrogen sulphate 
into camphene, but the same change cannot be effected by means 
of zinc chloride in boiling benzene. The hydrocarbon might there- 
fore be intermediate in the transformation of borneol, but not of 
isoborneol, into camphene. All arguments of this type are open 
to the objection that the abnormal energy conditions at the 
moment of reaction are not sufficiently taken into account. 

Homocamphor (XXXI) has been prepared by ring closure of 
hydrocamphorylacetic acid (XXXII), itself prepared by distilla- 
tion of the malonic acid derivative produced in the electrolytic 
reduction of the condensation product of camphoric anhydride and 
diethyl sodiomalonate. 


OH—CH — OHg CH2— CH-CHg-CHg'OOgH 

^ CMeg CMes 

CHa—CMe— 60 CH2— iMe-CO^H 

(XXXI.) (XXXII.) 


F. Lipp. Ber., 1920, 53, [B], 769 ; A., i, 491. 
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The new snbstance is very like camphor in chemical and physical 
properties, and yields a similar series of derivatives. Its 
^sonitroso-derivative undergoes the Beckmann change, with the 
formation of a snbstance which yields homocamphoric acid on 
hydrolysis. This confirms the constitutions assigned to hydro- 
camphorylacetic acid and homocamphor. 


Polycyclic Aromatic Grotiys. 

Hydrindene Group . — Ethyl i8;8-diphenyl-lactate, in contradistinc- 
tion from the acid itself, dissolves in concentrated sulphuric acid 
to a green solution, from which 3-pheiiylindone (XXXIII) and 
two isomeric diphenyltruxones can be isolated. diphenyl- 
truxones are colourless dimerides of the orange-red phenylindone, 
and it is interesting to note that only one of them can be reduced 
to a tetrahydro-derivative, probably containing two ‘CH-OH 

CPh 


(XXXIII.) (XXXIV.) 

groups, by means of hydrogen in the presence of palladium. The 
brown hydrocarbon, which is prepared by the dehydration of the 
product of the action of magnesium phenyl bromide on diphen- 
succindandione (9:12), can be oxidised by chromic acid in cold 
acetic acid solution, with formation of 2 : 2/-dibenzoylbenzil, 
CgH 4 Bz*CO'CO’C 6 H 4 Bz, and has therefore the constitution 
XXXIV.^9 

A series of similar substances has been prepared and investigated. 

Naphthalene Group . — Chlorinated nitronaphthalenes not readily 
obtained in other ways may be prepared by the nitration of the 
naphthalene chlorides followed by removal of the elements of 
hydrogen chloride. Thus naphthalene tetrachloride and nitric 
acid yield a resinous nitro-derivative, which is transformed by weak 
alkaline reagents into 5 ; 8-dichloro-l-nitronaphthalene.®^ An 
extended study si of the reduction of a-naphthylamine shows 
that, in the presence of a neutral solvent, sodium and ethyl, butyl 
or amyl alcohols lead to the production of 5 : 8-dihydro-l-naphthyl- 
amine. This is also the product when ethyl or butyl alcohol is 

Remo de Fazi, Gazzetta, 1919, 49, ii, 253; A., i, 316. 

K. Brand and H. Ludwig, Ber., 1920, 53, [B], 809 ; A., i, 486 

O. Matter, D.R.-P, 317765; A., i, 429. 

F. M. Rowe, J. 8oc. Ghem. Ind., 1920, 39, 241 ; A., i, 609. 
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employed alone, but with, amyl alcohol the reaction proceeds further, 
and «f-tetrahydro-a-naphthylamine is obtained. The explanation 
is that only under suitable conditions of temperature and alkyi- 
oxide concentration does the above-mentioned dihydro-derivative 
undergo isomerisation to 7 : 8-dihydro-l-naphthylamine, and that 
this isomerisation is an essential preliminary of reduction to the 
tetrahydro-stage. Similar results were obtained with naphthalene 
itself, which is first reduced to 1 : 4-dihydronaphthalene, isomerised 
to 1 : 2-dihydronaphthalene', and only then further reduced to 
tetrahydronaphthalene. In the catalytic reduction of naphthalene 
and a-naphthylamine dissolved in various solvents and in pre- 
sence of nickel, it was found that the reduction almost always 
stopped at the first stage mentioned above. 

Anthracene Group . — Phenols may be condensed with phthalic 
anhydride and its substitution products in the presence of 
aluminium chloride, and good yields are obtained when the solvent 
is s-tetrachloroethane.®2 The carboxybenzoyl group is intro- 
duced in the ortho-position to the phenolic hydroxyl, and in many 
cases the benzoylbenzoic acids formed can be smoothly dehydrated 
to anthraquinones. For example, 4:-chloro-l-hydroxyanthra- 
quinone can be prepared in this way from phthalic anhydride 
and p-chlorophenol.s- In the section (see above) in which 
brief mention is made of the work of Dimrotli on carminic acid, 
it was noted that two of the hydroxyl groups can be acetylated 
only with difficulty. This is a general property of hydroxyl groups 
in the a-positions in the anthraquinone nucleus. 1-Hydroxyanthra- 
quinone is scarcely attacked under the conditions which suffice 
to complete the acetylation of the 2-derivative, and purpurin and 
alizarin-bordeaux can be readily changed to mono-2-acetates.^^ 

When the hydrochloride of 1-aminoanthraquinone is ex- 
haustively chlorinated in acetic acid solution, it yields the com- 
pound XXXV, which may be reduced by stannous chloride in 
acetic acid to 2 :4-dichloro-l-hydroxyanthraquinone, or by 
ammonium chloride in acetic acid to 2:3: 4-trichloro-l-hydroxy- 
anthraquinone. The pentachloro-derivativ© is hydrolysed by warm 
sulphuric acid to tetrachiorohydroxybenzoylbenzoio acid (XXXVI), 
and at a higher temperature to phthalic acid and 2:3:4: 5-tetra- 
chlorophenol.^^ 

Methyleneanthraquinone (XXXVII), a stable, pale yellow, crystal- 

82 £ UUmann and W. Schmidt, B.er., 1919, 52, [B], 2098 ; A., i, 53. 

83 F. Ullmami and A. Conzetti, ibid., 1920, 53, [B], 826; A., i, 488. 

8* 0. Dimroth, 0. Friedemann, and H. Kammerer, ibid., 481 ; A., 
i, 443. 

8*^ K. Fries and E. Auffenberg, ibid., 23 ; A., i, 236. 
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The new substance is very like camphor in chemical and physical 
properties, and yields a similar series of derivatives. Its 
isonitroso-derivative undergoes the Beckmann change, with the 
formation of a substance which yields homocamphoric acid on 
hydrolysis. This confirms the constitutions assigned to hydro- 
camphorylacetic acid and homocamphor. 


Polycyclic Arom-atw Grouj)s. 


Hydrindene Group . — Ethyl jSjS-diphenyl-lactate, in contradistiiic^ 
tion from the acid itself, dissolves in concentrated sulphuric acid 
to a green solution, from which 3-pheiiylindone (XXXIII) and 
two isomeric diphenyltruxones can be isolated. The diphenyl- 
truxones are colourless dimerides of the orange-red phenylindone, 
and it is interesting to note that only one of them can be reduced 
to a tetrahydro-derivative, probably containing two *011*011 


VA/™ 

CO 

(XXXIII.) 


\/\^“ 


CPh 


CPh 
(XXXIV.) 


groups, by means of hydrogen in the presence of palladium. The 
brown hydrocarbon, which is prepared by the dehydration of the 
product of the action of magnesium phenyl bromide on diphen- 
succindandione (9:12), can be oxidised by chromic acid in cold 
acetic acid solution, with formation of 2 : 2Cdibenzoylbenzil, 
CgH^Bz'CO’CO'Cgll^Bz, and has therefore the constitution 
xxxiy.^9 

A series of similar substances has been prepared and investigated. 

Naphthalene Group . — Chlorinated nitronaphthalenes not readily 
obtained in other ways may be prepared by the nitration of the 
naphthalene chlorides followed by removal of the elements of 
hydrogen chloride. Thus naphthalene tetrachloride and nitric 
acid yield a resinous nitro-derivative, which is transformed by weak 
alkaline reagents into 6 : S-dichloro-l-nitronaphthalene.^o An 
extended study of the reduction of a-naphthylamine shows 
that, in the presence of a neutral solvent, sodium and ethyl, butyl 
or amyl alcohols lead to the production of 5 : 8-dihydro-l-naphthyl- 
amine. This is also the product when ethyl or butyl alcohol is 

Remo de Fazi, Qazzetta, 1919, 49 , ii, 253 ; A., i, 316. 

K. Brand and H. Ludwig, Ber., 1920, 53, [B], 809 ; A., i, 486. 

0. Matter, D.R.-P. 317765; A., i, 429. 

F. M. Rowe, J. Soc. Ohem. Ind., 1920, 39, 241 ; A., i, 609. 
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employed alone, but with amyl alcohol the reaction proceeds further, 
and ttf-tetrahydro-a-naphthylamine is obtained. The explanation 
is that only under suitable conditions of temperature and alkyi- 
oxide concentration does the above-mentioned dihydro -derivative 
undergo isomerisation to 7 : 8-dihydro-l-naphthylamine, and that 
this isomerisation is an essential preliminary of reduction to the 
tetrahydro-stage. Similar results were obtained with naphthalene 
itself, which is first reduced to 1 : 4-dihydronaphthalene, isomerised 
to 1 : 2-dihydTonaphthalene, and only then further reduced to 
tetrahydronaphthalene. In the catalytic reduction of naphthalene 
and a-naphthylainine dissolved in various solvents and in pre- 
sence of nickel, it was found that the reduction almost always 
stopped at the first stage mentioned above. 

Anthracene Grouf . — Phenols may be condensed with phthalic 
anhydride and its substitution products in the presence of 
aluminium chloride, and good yields are obtained when the solvent 
is 6‘-tetrachloroethane.^2 The carboxybenzoyl group is intro- 
duced in the ortho-position to the phenolic hydroxyl, and in many 
cases the benzoylbenzoic acids formed can be smoothly dehydrated 
to anthraquinones. Por example, 4-chloro-l-hydroxyanthra" 
quinone can be prepared in this way from phthalic anhydride 
and p-chlorophenol.^'^ In the section (see above) in which 
brief mention is made of the work of Dimroth on carminic acid, 
it was noted that two of the hydroxyl groups can be acetylated 
only with difficulty. This is a general property of hydroxyl groups 
in the a-positions in the anthraquinone nucleus. 1-Hydroxyanthra- 
quinone is scarcely attacked under the conditions which suffice 
to complete the acetylation of the 2 -derivative, and purpurin and 
alizarin-bordeaux can be readily changed to mono-2-acetates.®^ 
When the hydrochloride of 1-aminoanthraquinone is ex- 
haustively chlorinated in acetic acid solution, it yields the com- 
pound XXXV, which may be reduced by stannous chloride in 
acetic acid to 2 :4-dichloro-l-hydroxyanthraquinone, or by 
ammonium chloride in acetic acid to 2:3: 4-trichloro-l-hydroxy- 
anthraquinone. The pentachloro-derivative is hydrolysed by warm 
sulphuric acid to tetrachlorohydroxybenzoylbenzoic acid (XXXVI), 
and at a higher temperature to phthalic acid and 2 :3 :4 :5-tetra- 

chlorophenoL®5 

Methyleneanthraquinone (XXXVII), a stable, pale yellow, crystal- 
s' F. Ullmana and W. Schmidt, Ber., 1919, 52, [B], 2098 ; A„ i, 53. 

83 F. Ullmann and A. Conzetti, iUd., 1920, 53, [B], 826; A., i, 488. 

8^ 0. Bimroth, 0. Friedemann, and H. Hammerer, iUd., 481 ; A,, 
i, 443. 

8® K. Fries and E. Auffenberg, ibid., 23 ; A., i, 236. 
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line substance, is obtained by ike coiidensaiioii of a cold alkaline 
solution of anthraiiol with an excess of formaldehyde.®^ 

OH 

„ ^ CO-C-CO-OOl, C0,H-0„H,-C0/\ci 

^^®^‘<oo-o-cci,-6bci Oil Ici 


(XXXV.) 


(XXXVI.) 


(XXXVII.) 


Polynuclear Groufs . — Benzanthrone and most of its derivatives 
which have been examined in this connexion readily yield cry- 
stalline oxonium salts.®^ The ferrichlorides may be isolated 
from an acetic acid solution containing ferric chloride, but the 
salts do not separate in the presence of excess of hydrochloric acid. 
Indeed, it is necessary to avoid the addition of the latter acid, suffi- 
cient of which for the formation of the double salt is derived from 
the hydrolysis of a portion of the ferric chloride. A dihydroxy- 
benzanthrone obtained by condensation of deoxyalizarin and 
glycerol in the presence of sulphuric acid is found to be readily 
methylated, and is regarded as having the constitution XXXVIII. 
Since the substance, which is termed benzalizarin,^' has dyeing 
properties on mordants which closely resemble those of alizarin 
itself, it becomes clear that the propinquity of the two hydroxyl 
groups of the latter substance to the carbonyl of the quinone 
nucleus is not so important a factor as has been imagined, and 
p-quinonoid formula are suggested for the lakes of alizarin and 
benzalizarin. 



CO 

(XXXVIIX.) 


Perylene may be conveniently obtained in good yield by heating 
2:2/-dihydroxy-l:lCdinaphthyl at 400--500'' with a halogen com- 
pound of phosphorus and phosphorous acid.®® This hydrocarbon 
is 1 : 8-dinaphthylene, and the reaction is evidently one involving 
rearrangement, but this is not surprising under the conditions. 

K. H. Meyer, AnnaUn, 1920, 420, 134,* X., i, 747, 

^ A. Gr. Perkin, T., 1920, 117, 696. 

P. Hansgirg and A. Zinke, MomUK, 1919, 40, 403 ; X., i, 541. 
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Oom2)OU7ids oontatmng Boron, FhuHjjhoriiii, and MetaU. 

A conununication on boranilide lias appearsd^^ wliicb. is crowded 
witii astonishing statements, but it is necessary to point out that the 
experiments as described hardly bear the construction which 
is put on them, and the analytical data supplied are quite inade- 
quate to support even the views on the composition of the sub- 
stances which have been prepared. 

The action of aliphatic diazo-compounds on tertiary phosphines 
leads to the production of a new class of phosphorus derivatives 
termed phosphazines. The reaction is ah additive one proceeding 
in accordance with the scheme : 

CR2:N:N + PRg EgClN-NiPRg. 

The products are basic, although this property is less developed 
when arylphosphines are the starting points. Triphenylphosphine- 
benzophenoneazine, PPhgIN’NiCPhg, is obtained from tri- 
phenylphosphine and diphenyldiazomethane. It is slowly 
hydrolysed to benzophenonehydrazone and triphenylphosphine 
oxide. On being heated in a vacuum it loses nitrogen, and is con- 
verted into triphenyiphosphinediphenylmethylene, PPh3tCPh2, 
which crystallises in red leaflets. When azides are added to phos- 
phines the phosphazines which may be assumed to be formed initi- 
ally decompose spontaneously, with the production of still another 
new type — the phosphineimines. Thus phenylazoimide and tri- 
phenylphosphine yield triphenylphosphinephenylimine, PPh3lNPh, 
when mixed in dry ether. This imine reacts with diphenylketen 
in benzene solution in accordance with the scheme: 

PPho-NPh 

ms:NPh + OPhj:CO= i I . OIPPba and NPblCICPbj 

0 C.OPhg 

(XXXIX.) 

The compound, XXXIX, is the first member of the series of the 
keten-imines.®° An enormous number of aromatic arsenic 
derivatives have been prepared and described, but few new 
methods have been elaborated. The introduction of mercury in 
aromatic compounds is another subject that has been much inves- 
tigated, and it appears to be possible to effect substitutions by 

T.'^C. Ohaudhuh, T.,I920, 117, 1081. 

H. Staudinger and J. Meyer, Hdlv. Chim. A'lta, 1919, 2, 635,' A., i, 106; 
Ber., 1920, 53, [B], 72; A., i, 228. 

R. G. Fargher, T., 1920, 117, 865 j W. A. Jacobs and M. Heidelberger, 
J. Amer. Chem. Soc., 1919, 41, 1687, 1600, 1610, 1809, 1822, 1826, 1834; A., 
i, 107 — 117 ; compare Brit. Fat. 128181. 
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means of mercuric acetate in substances which are not affected by 
reagents that might be regarded as much more powerful. Phenol 
ethers react even with aqueous mercuric acetate to yield additive 
compounds, which are instantly transformed by sodium chloride 
into products mercurated in the nucleus. At 50° ^-tolyl methyl 
ether gives the substance 3 CeH 4 Me*OMe*Hg(CoH 302 ) 2 , 2 HgO, and 
by subsequent treatment with sodium chloride the substance 

CeHgMe-OMe-HgCl.s^ 

Mercuration differs from most substitution processes in that there is 
very little regularity, and each case has to be separately investigated. 
Lead tri-^3-2-xylyl has been prepared ^3 the action of lead 
dichloride on the calculated amount of magnesium yi-2-xylyl 
bromide, and this crystalline substance exhibits analogy to 
triphenylmethyl in its behaviour. It is bimolecular in benzene, 
and its solutions are coloured. At - 40° it combines with bromine 
in pyridine to yield lead tri-y?-2-xylyl bromide, whilst in chloro- 
form at - 10° the product is lead di-;p-2-xylyl dibroinide. Alkyl 
derivatives of bivalent tin have not yet been isolated in a pure 
condition, but the aryl derivatives, as usual, have proved more 
amenable and exhibit interesting properties.^^ Tin diphenyl 
is obtained by the addition of finely powdered stannous chloride 
to an ethereal solution of magnesium phenyl bromide. It is bright 
yellow, and gives yellow solutions. When freshly prepared it has 
the normal molecular weight, but five-fold polymerisation soon 
occurs in benzene solution. R. Robinson. 


Paet III. — ^Heterocyclic Division. 

The work now to be reviewed has not equalled that of pre-war years 
in volume, but the progress achieved in various directions, notably 
in connexion with the alkaloids, has been such as to merit a fairly 
detailed account. At the same time, one or two investigations, 
which have extended over some years, appear to have reached a 
point at wLich they may conveniently be dealt with as a whole. 
For these reasons, this Report will probably be found to be not 
much shorter than those which have preceded it. 

Some Aspects of the Addition Theory of Beactions. 

Although the addition theory of reactions is very widely 
accepted, there is probably divergence of opinion as to whether, for 
instance, the equation: 

92 Yf. Manchot andF. Bossenecker, Annalen, 1920, 421, 331 ; A., i, 780. 

E. Krause andM. Schmitz, Her., 1919, 52, [B], 2165; A., i, 197. 

E. Krause and B. Becker, ibid,, 1920, 53, [B], 173; A,, i, 340. 
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X»0 A X»C-A X-0--A X-O-A-B 

11 + ! I II I 1 

Y-C B X-O-B Y*0- B Y-O-- 

(I.) (11.) 

b an adequate expression of the process of saturation of a double 
bond. TBus Kekule supposed that the final product was preceded 
by the double molecule (1), whilst more recently it has been 
assumed — and the view seems intrinsically more probable — that a 
still earlier stage is represented by (II). From this point of view 
much interest attaches to the direct formation of a cyclic structure 
by an additive reaction. With the exception of certain reactions 
of the ketens, all instances of this kind hitherto known depend on 
the union of similar molecules to form polymerides. Although these 
products are doubtless better represented by formula with ordinary 
rather than subsidiary linkages, ^ it seems more rational to consider 
them as the outcome, not of an instantaneous change, but of a con- 
tinuous series of gradual changes, the phases of which are repre- 
sented by (II) and (I). In the writer’s view such a conception 
also supplies a simple explanation of the frequency with which 
four- rather than six-membered rings are produced in such cases. 
From the kinetic point of view, a reaction between two molecules 
is much more likely to occur than one between three, and similarly, 
unless other factors of an adverse kind operate, saturation of a pre- 
liminary product of the type (II) is more likely to occur by intra- 
molecular rearrangement to type (I) than by interm olecular reac- 
tion vdth another molecule resulting in the formation of a six-mem- 
bered ring. In illustration of this, a four-membered heterocyclic 
ring (IV) is produced with guaiacol when o-methoxyphenyl benzyl- 
idenehydrazinocarboxylate (III) is heated ^ : 


CHPh.-X-NH-CO-O-CgH.-OMe 

(IIL) 

OH-CsH^-OMe + OHPKN-N-CO -> CHPli:N-N<Q^N-N:OHPh 

‘ ' (IV.) si. 


(VI.) 


. chpii:n-n<®®'5i5 


■'CO-NH 


(V.) 


.00^ 


OHPh:N-N<^^N-NH, 


(VII.) 


Although a trimeric formula supplies an equally good explanation 
of the successive formation of benzylideneurazine (V) and of 


^ H- Staudinger, Ber., 1920, 63, [B], 1073 ; i, 517, 

2 0. Diels and H. Grube, ibid., 854; A., i, 505; compare also the poly- 
merisation of protoanemonin to anemonin. p. 114. 

REP. — XVn. ® 
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uiazine itself (VI) on heating the compound with hydrochloric acid, 
the production of a compound corresponding in composition with 
the formula (VII) is only explicable on the basis of the dimeric 
formula. 

That cyclic structures may also result from the combination of 
dissimilar molecules is evidenced by the formation of the acid 
chloride (I) with the corresponding anhydride (II) by the addition 
of phosphorus trichloride to phenyl styryl ketone in the presence of 
acetic anhydride ^ : 


cPh:o 

CHXHPh 




CPh“ 
(jH-CHPh- 
(I.) 


>POCi 


■CH-CHPh'^ 

(II.) 




The reaction is the first in which it has been found that two valen- 
cies of the same atom are utilised to satisfy the unsaturation of a 
second molecule. Perhaps still more remarkably, it has been 
shown ^ that the products of the action of phosphorus trichloride 
on aldehydes, which are decomposed by water to form hydroxyphos- 
plionic acids, ^ are to be represented by formulae of the type (III). 
In this case also a mixture of an acid chloride (IV) and an anhy- 
dride (V) is produced in the presence of acetic anhydride, those 
from benzaldehycle being represented by the formulae (IV) and 


(V): 

i H [’n-O 

(!HPh*0 

rOHPh 0-1 


\ / 

\/ 

\/ 0 


F I3 

puci 

L PO X 


(III) 

(IV.) 

(V-) 




CHPb-0 

\ Y — >■ 

Po-OH 

(VI.) 

CHPh-OH 
P0(0H)3 
^ (VII.) 

An unexpected point of 

difference between the two 

series of com* 


pounds is that in this case the free monobasic acid (VI) is suffi- 
ciently stable to be isolated. It reduces potassium permanganate 
slowly, whereas the hydroxyphosphonic acid (VII) suffers immediate 
oxidation. 

In yet another instance, the formation of a cyclic structure has 

® J. Conaat and A. A. Cook, J. Amer, Ohem. Soc., 1920, 42, 8S0: A., 
i, 454. 

^ J. B, Conant and A, B. Macdonald, ibid., 2337 ; A., 1921, i, 69. 

W, Possek, Momtsh., 1884, 5, 120, 627; 1886, 7, 12] : A., 1884, 833* 
1885, 504; 1886, 529, 
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been presumed. Tbus, a mixture of two stereoisomeric forms of 
etbyl a^-dmitrocinnamate is produced by the action of nitrogen 
peroxide on ethyl phenyipropiolate, but the first product of their 
interaction in light petroleum solution is a labile, crystalline com- 
pound of the two in equiraolecular proportions.^ This product 
decomposes into its components if the attempt be made to isolate 
it in the ordinary way, but, on the other hand, it gradually passes 
over in a closed vessel into ethyl phenyipropiolate and ethyl dinitro- 
cinnamate. The reactions are expressed as follows: 


CPh^C-COsEt CPhizC-COgEt 

2CPh:C'C02Et + 2N02 -> SfO, ^0, -> HO., 

: I "f" 

CPhSC-COjEt CPhiC-OOjEt 

although it must be observed that no evidence is supplied as to the 
molecular weight of the intermediate compound. 

It has also been found necessary to apply ideas of the kind re- 
ferred to above to certain reactions of benzoxazole.^ The ordinary 
formula (I) for this compound represents it as an imino-ether, 
which on hydrolysis would be expected to give an o-acylhydroxy- 
aniline, Avhilst an o-acylaininophenol is actually obtained. It 
cannot be assumed that the compound (II) is first produced, since 
compounds of this type revert to oxazoles when heated : 


N 



0 

(I.) 


NH 




0 

(II.) 


The change is therefore represented in the following manner : 


/\/!\ 

I I : OR h-H^O- 

\/\l/ '\ 

0 


H 

■ ■ CE - 

\/\i/\ 

0 H-O-H 


N 

/\/\ 

I CE 

\/\ \ 

OH OH 



HH-COR 

OH 


‘ H. Wieland, jBef.,,1920, 53, [B], 1343; A.,i, 737. 

' S. Skraup, AnncUen, 1919, 419, 1 ; A., 1919, i, 598. 
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urazine itself (VI) on heating the compound with hydrochloric acid, 
the production of a compound corresponding in composition with 
the formula (VII) is only explicable on the basis of the dimeric 
formula. 

That cyclic structures may also result from the combination of 
dissimilar molecules is evidenced by the formation of the acid 
chloride (I) with the corresponding anhydride (II) by the addition 
of phosphorus trichloride to phenyl styryl ketone in the presence of 
acetic anhydride®: 


CPh :0 

CHICHPh 




(DPh 0 . 

CH-CHPh- 
- (I.) 


>P0C1 


/fiPh- 
.CH-CHPh- 
(U.) 






The reaction is the first in which it has been found that two valen- 
cies of the same atom are utilised to satisfy the unsaturation of a 
second molecule. Perhaps still more remarkably, it has been 
shown ^ that the products of the action of phosphorus trichloride 
on aldehydes, which are decomposed by water to form hydroxyphos- 
phonic acids, ^ are to be represented by formulae of the type (III). 
In this case also a mixture of an acid chloride (IV) and an anhy- 
dride (V) is produced in the presence of acetic anhydride, those 
from benzaldehyde being represented by the formulae (IV) and 
(V): 


iTlPtj‘0 C’HPh’O 

\/ \/ 

P I3 PUCl 

(III.) (IV.) 


pCHPh 0-, 

\/ h 

L po J 2 
(V.) 

CHPh-O 

\/ 

PO-OH 


(VI.) 


CHPh-OH 
P0(0H)2 
. (VII.) 


An unexpected point of difference between the two series of com- 
pounds is that in this case the free monobasic acid (VI) is suffi- 
ciently stable to be isolated. It reduces potassium permanganate 
slowly, whereas the hydroxyphosphonic acid (VII) suffers immediate 
oxidation. 

In yet another instance, the formation of a cyclic structure has 

* J.-B, Conant and A. A. Cook, J. Amer. Chm, Soc., 1920, 42, 830; A., 
i, 454. 

* I. B, Conant and A, B. Macdonald, ibid., 2337 ; A., 1921, i, 69. 

MomUK 1884, 5, 120, 627; 1886, 7, 121 ; A., 1884, 833; 
1885, 504; 1886, 629. 
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been presumed. Tlins, a mixture of two stereoisomeric forms of 
ethyl a^-dinitrocinnamate is produced by the action of nitrogen 
peroxide on ethyl phenylpropiolate, but the first product of their 
interaction in light petroleum solution is a labile, crystalline com- 
pound of the two in equimolecular proportions.® This product 
decomposes into its components if the attempt be made to isolate 
it in the ordinary way, but, on the other hand, it gradually passes 
over in a closed vessel into ethyl phenylpropiolate and ethyl dinitro- 
cinnamate. The reactions are expressed as follows: 


CPh^C-COsEt CPh— C‘CO«Et 

i i I i 

2CPh:C-C02Et+2N02 KOg NOg NOg NOg 

: i + 

CPh—C-COgEt CPh-C'COgEt 

although it must be observed that no evidence is supplied as to the 
molecular weight of the intermediate compound. 

It has also been found necessary to apply ideas of the kind re- 
ferred to above to certain reactions of benzoxazole.^ The ordinary 
formula (I) for this compound represents it as an imino-ether, 
which on hydrolysis would be expected to give an o-acylhydroxy- 
aniline, whilst an o-acylaminophenol is actually obtained. It 
cannot be assumed that the compound (II) is first produced, since 
compounds of this type revert to oxazoles when heated : 
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1 1 CR 

\/\/ 


0 

(I.) 


NH 



(II.) 


The change is therefore represented in the following manner : 
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« H, Wieland, Her.,,1920, 53, [B], 1343 ; A., i, 737. 
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tlie decomposition of tlie intermediate product being attributed to 
tbe gradually increasing engagement of '' valency lines of tbe ring 
oxygen atom by one of the hydrogen atoms of the water molecule, 
and a consequent weakening of the cyclic structure. The velocity 
of hydrolysis is thus largely dependent on the rate of formation of 
the additive compound, which, in turn, varies with the amount of 
residual affinity available on the carbon atom after the require- 
ments of the group E have been satisfied. The time required for 
50 per cent, hydrolysis of various derivatives under standardised 
conditions is therefore considered to be some measure of the 
affinity of the group R. The following results were obtained : 

R. Time. R. Time. R. Time. 

Benzyl 35 minutes c^/cZoHexyl... 5 hours Phenyl 74 hours 

Methyl 40 „ ^soButyl 6^ „ p-Tolyl \ more 

ri -Hexyl 3 hours tert 74 „ t-Naphthyl t than 

p-Anisyl ...J 120 hours 


It will be seen that the order of these measurements is in general 
agreement with those which may be deduced from observations of 
various other reactions.® 

In yet another direction the results of a long series of investi- 
gations ® are summed up as showing how many factors influence 
ring-formation and rupture, and how little present-day formulae 
suffice to explain the contradictory behaviour of apparently simi- 
larly constituted compounds.’’ Thus, contrary to what might be 
expected, 1 : l-dialkylcoumaranones, as well as the non-alkylated 
compounds, are apparently more stable than 1-alkyl derivatives, 
which frequently suffer rupture of the five-membered ring and give 
disemicarbazones instead of the monosemicarbazones obtained in 
other cases: 


GO 

/VN 




CHE 


\/ 

0 


\/ 


/C:n-nh*co*nh2 

OH CEIN-HH-OO-HHj 


With jJ-iiitrophenylhydrazine, however, coumaranones unsubsti- 
tuted in the five-membered ring in general give osazones, this reac- 

® Compare, for example, J. v. Braun, Ber,, 1904, 37, 2812, 2915; 1907, 
40 , 3914, 3933 ; 1909, 42 , 2532; A., 1904, i, 731, 918 ; 1907, i, 899, 960 ; 1909, 
i, 604. H. Meerwein, Annalen^ 1919, 419 , 121 ; A., i, 2. ^ 

* K. von Auwers and others, ibid., 1908, 41 , 4233 ; 1911, 44 , 3692 ; 1914,47, 
2334, 2585, 3292; 1915, 48 , 85; 1917, 50 , 221, 1149; 1919, 52 , [B], 77, 92; 
1920, 53 , [B], 428 ; Annalen, 1919, 418 , 69 ; 1920, 421 , 1 ; A., 1909, i, 45 ; 1 912, 
L 107; 1914, i, 1136; 1915,1,154, 440,442; 1917, i, 277; 1918, i, 27; 1919, 
i, 217 ; 1920, i, 866. 
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tion serving to distinguisli tlieni from diromanones, wMcli give 
liydrazones : 


CO 

/\/\ 

OH, 

0 


^^/C;n-nh-08H,-no, 


I \ 

JOH CHIN-NH-CjH^-NOs' 


00 

rY^v»>. 

0 


0 


\A/®. 

0 


The only exception to this rule so far observed is 3 :5-dimethyl- 
coumaranone, from which a hydrazone is obtained. The formation 
of 4-bromo-l ;1 :3 :6-tetramethylcoumaranone as the sole product 
of the action of sodium hydroxide on a-bromo^sobutyryl-4-bromo-5- 
xylenol is similarly in contrast with the production of 2 : 5-dimethyl- 
chromanone from a-bromoe>obutyryl-;p-cresol c 



Whilst this exceptional behaviour on the part of s-xylenol deriv- 
atives recalls that observed in experiments on coupling and in 
Friedel-Crafts syntheses, and may be due to differences in the 
distribution of affinity, the experimental material at present 
available is insufficient to warrant the final adoption of this view. 

XJnsaturated compounds of the type indicated as an intermediate 
stage in the last of the above reactions form chromanones under 
the catalytic influence of alkali, as do their dibromides when alkali 
is employed to remove hydrogen bromide. On the other hand, 

K. von Auwers and F. Miehaelis, Ber., 1914, 47, 1275; K. von Anwers 
and E. Borsohe, Ber„ 1915, 48, 1716 ; A., 1914, i, 744 ; 1916, i, 85. 

K, von Auwers and E. Borsche, ihid>, 1915, 48, 1698; A,, 1916, 
i, 34. 
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coumarans are obtained from o-allylpbenols and conmarones from 
the dibromides of their acetates by treatment with alkali .* 


CHg 

/\/\ 

CH^ 





CH 


CMe- 

\/\/ 

0 


In explanation of this, it is suggested that the spatial configura- 
tions of the unsaturated side-chains in the two pairs of compounds 
differ, and are as represented in the formulae. 

Another notable reaction is that of 5-hydroxycoumarone4-alde- 
hyde, which is prepared from 5-hydroxy-2-methylcoumarone by the 
action of hydrocyanic acid in the presence of hydrogen chloride.^® 
This compound, by condensation with acetic anhydride and sodium 
acetate, gives the corresponding acrylic acid : 

CHo/N CMe . C05 H-CH:Ch/\ CMe 

OHl^ i /{Jh • 

0 0 


and all attempts to produce a coumarin from it by internal con- 
densation failed. The result is attributed to steric hindrance, but 
supporters of the Kekule formula for benzene will probably prefer 
to look upon it as evidence, confirming that of Marckwald adduced 
many years ago, of a difference in the mode of linking of the pairs 
of carbon atoms in the benzene nucleus. 


The Stability and Formation of Cyclic Compounds. 

The relative stability of various saturated cyclic structures, con- 
taining a tertiary nitrogen atom, towards cyanogen bromide and 
of their quaternary methylammonium hydroxides (Hofmann^s 
degradation) has been carefully studied in recent years.^* As a 
result it was found that the series tetrahydroisoquinoline, 1-methyl- 
morpholine, dihydroMoindole, pyrrolidine, piperidine, and tetra- 
ds L Claisen, Anmhn, 1919, 418, 84; B&r., 1920, 53„ [B], 322; A., 1919, 
i, 266 ; 1920, i, 325 ; compare R. Adams and R. E, Rindfusz, Amer. Ohem. 
Soc., 1919, 41, 648 ; A., 1919, i, 340. 

P. Karrer, A. Glattfeldor, andF. Widmer, Melv. Chim. Acia, 1920, 3, 641; 
A., i, 627. 

J. von Braun, Ber., 1909,42, 2035, 2532; 1911,44, 1262; 1916,49,2629; 
1918,51, 96, 266; A., 1909, i, 604; 1911, i, 663; 1917, i, 168, 169; 1918, 
i. |85, 268. 
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hydroquinoline represented a gradual increase in stability for eacli 
reaction. Dihydroindole, bowever, one of the most reactive com- 
poundvS towards cyanogen bromide, was the most resistent to the 
Hofmann reaction. The striking observation has now been made 
that the nitrogen ring of the morphine molecule, which also con- 
tains the grouping ‘C^C'N* attached by the first carbon atom to an 
aiomatic nucleus, exhibits a similar divergence, but in the opposite 
direction. It is more stable in the first, and less stable in the 
second, reaction than any of the foregoing systems. Similar varia- 
tions in the relative stabilities of a series of compounds towards 
different reagents have, of course, been observed in other directions. 
In considering them, it is perhaps well to remember that, in terms 
of the addition theory, the stabilities actually compared are rather 
those of the intermediate complexes, which are not necessarily in 
the order of those of the original compounds, and that differences 
may therefore well occur between the results obtained with different 
reagents. Furthermore, whilst the conclusions in respect of cyano- 
gen bromide were obtained by comparative experiments on the 
separate compounds, a different method was followed in the case 
of the Hofmann reaction. For example, 1-o-vinylbenzylpiperidine 
was obtained by the distillation of piperidyltetrahydro^’soquinolin- 
ium hydroxide ” : 


CH, 

/\/\ 


Y> 


OHg ^ 2 

In this case, therefore, the piperidine is more stable than the tetra- 
hydroisoquinoline ring, but a consideration of the results of the 
action of sodium amalgam on similar compounds suggests doubts 
as to whether it is legitimate to extend this conclusion to pairs of 
compounds, one containing the piperidine ring, and the other the 
tetrahydrozsoquinoline ring, and therefore as to whether a given 
ring structure in the various compounds containing it preserves 
precisely the same properties. Thus, from kairoline methochloride, 
kairoline (40 per cent.) and y-phenylpropyldimethylamine (60 per 
cent.) are obtained : 

CH, 
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“ Idem, Bcr., 1919, 52, [B], 1999 ; A., i, 79. 

J. V, Br&utx Euid otheTS, ibid., 1916, 49, 501, 1283, 2613; 1917, 60, 50 
A., 1916, i, 421, 742 ; 1917, i, 167, 282. 



104 AKNUAL EEPOETS ON THE PKOGRESS OE OHEMISTEY. 


wMlsi if-metliyldiiiydroindole (75 per cent.), /B-phenylethyldimetliyl- 
amine (8 per cent.), and o-etliyldimethylaniline (17 per cent.) are 
obtained from the methocHoride of iY-metliyldiliydroindole : 

CHg CH^ 

OC™- (X)=’ 

NMe,Cl NMe 

CHs CH„ 


\/ \/\2TMe, 

Yet lilolidine, prepared by boiling dihydroindole with l-chloro-3- 
bromopropane, but not, be it noted, from tetrahydroquinoline and 
ethylene dibromide, is not broken down by reduction of its 
methochloride. From 2-methyl-lilolidine the original base is 
recovered with a 10 per cent, yield of 1 : 2-dim ethyb7-n-propyldi“ 


bydroindole^® : 
CHs-CHMe 
I NMeCl 

DCs 

OH. 


CHg-OHMe 

I ^ 

OH, 


T 9^. 

CH, 


Cyclic Structures of New Types. 

Besnlts interesting in another respect have been obtained by the 
reduction of julolidine methochloride, from which the original base 
(63 per cent.) and the compound (I) (37 per cent.) are obtained : 


CHj-CHj-CH, 

^eCl 

OHa-CHa-CHg 

1 N with 

OHg 

OH 2 

CHa-OHa-CHa 


{ > NMe 

1 

A 

' 

1 ICHg-CHa-OHa-OH 

OHj 

(I.) 

(11.) 


E. Bamberger and H. Stemitzki, Her., 1893, 26, 1291 ; A., 1893, i, 620. 
18 J. V. Braun, K. Heider, and W. Wyczatkowska, ihid., 1918, 51, 1215 : A., 
1919,1.4=0. 

J. V. Braun and L. l^emnann, 1919, 52, [B], 2015 ; A., i, 87, 
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The constitution of the new base follows from its oxidation to iso- 
phthalic acid, and its degradation by the Hofmann reaction to a 
hcn-aromatic tertiary base (II), containing a non-phenolic hydroxyl 
group. Although the compound is unique in containing a ring 
structure attached to the benzene nucleus in the meta-position, very 
similar ten-membered rings attached in the ortho-position to 
benzene nuclei are contained in the products of the Hofmann reac- 
tion from tetrahydroberberine alkyl hydroxides, and in crypto- 
pine and certain of its derivatives (compare p. 12 3). 21 It seems 
worthy of comment that all the products of this type hitherto 
obtained in the laboratory are produced, not synthetically, but by 
the breaking down of two simpler adjoining structures, and the 
easy conversion of the ten-membered ring of cryptopine into the 
two six-membered rings of wocryptopine chloride suggests that in 
such ten-membered rings the carbon chain may preserve the con- 
figuration of the two rings from which it is derived. In spite, 
therefore, of the existence of the compounds in question, there is 
still room for doubt as to whether their synthesis, properly 
speaking, is possible. 

A four-membered heterocyclic system of a new type appears to 
be present in the product of the action of nitrous acid on camphor- 
oxalic acid . 22 A transient blue colour suggests that the normal 
nitroso-compound (I) is first produced, but it gives place to a mono- 
basic acid, apparently according to the equation 

C12H15O5N 4- H,0 = + CO2. 

This acid gives a red coloration with ferric chloride, and hence 
contains an enolic grouping which, further, undergoes methylation 
before the carboxyl group. Although the acid is merely converted 
into what is probably a stereoisomeride by boiling concentrated 
potassium hydroxide solution, its dimethyl derivative is easily 
decomposed into ammonia and a-ketohomocamphoric acid (II). 
Further, the acid contains the complex as part of a ring, 

since it is easily reduced by ferrous hydroxide to camphidone- 
oarboxylic acid (III). Although the nature of the changes 




C(NO)-CO-C02H 

(I*) 


CsHi4< 


•CO*0O,H 


(H.) 



(HI.) 


F. L. Pyman, T., 1913, 103, 817. 

W. H. Perkin, ibid., 1916, 109, 815; 1919, 115, 713. 
P. Chorley and A. Lapworth, ibid., 1920, 117, 728. 
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inTOilved remains obscure, it is concluded that the original product 
contains the skeleton (IV), and of the alternatives which meet 
this condition, preference is given to. that represented by (V). 


, /0<S>o 


(IV.) 


CsHu^ 


c<«ip«i>o 

COgH 

(V.) 


A Eadicle containing Quadrivalent Nitrogen. 

Dimetliyl- and diethyl-tetrahydropyridyls 23 give yellowish-brown 
solutions in alcohol, which, especially in the presence of a little 
water or on warming, gradually become blue. In this condition 
they immediately absorb oxygen, with the formation of iV-alkyl- 
pyridinium hydroxides, and give iV-alkylpyridinium iodides with 
iodine. 2^ The coloured solutions further resemble those of tri- 
phenylmethyl in their diminished colour intensity at lower 
temperatures. Although no molecular weight determinations are 
quoted, it is concluded that dissociation occurs, and that the 
coloured solute is a radicle containing quadrivalent nitrogen rather 
ihan tervalent carbon : 

The latter may possibly be present in the yellow, ethereal solution 
or the pale green chloroform solution, since these give a yellow, 
amorphous product with iodine. 

The dissociation is ascribed to the weakening effect of the various 
double bonds on the valencies of the y-carbon atoms, but there is 
no discussion of the meaning, or the nature, of the change from 
tervalent carbon to quadrivalent nitrogen. 


Stereoisomerism of Tervalent Nitrogen Compounds. 

Well-defined stereoisomerism of tervalent nitrogen compounds 
has hitherto been observed only in the case of compounds, such as 
oximes, in which, according to the usual formulae, the directions of 
two valencies are fixed by a double bond, and reference will be 

^ A. W, Hofmann, Ben, 1881,14, 1603 ; A., 1881, 921 j compare B. Emmert, 
Ben, 1909, 42, 1997; 1917, 50 , 31; 1919,52, [B], 1351; A., 1909, i, 802; 
1917, i, 221 ; 1919, i, 455. 

^ B. Emmert, ihid., 1920, 58, [B], 370 ; A., i, 331. 
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made later to the first case of sucli isomerism O'bserved amoing tii© 
hydrazones. A number of cases have, however, now been observed 
in which the directions of the two valencies are defined by 
participation of the nitrogen atom in a cyclic structure. 

A closer e'Xamination of the isomerism of methyh’sopelletierine 
(I) and t^^methylconhydrinone (II), referred to in last year’s 
Report, has confirmed it, and led to the discovery of further 
examples ?^oP©lletierin© (III), which occurs naturally, and can 
also be obtained by the demethylation of methyhsopelletierine, on 
re-methylation gives methyhsopelletierin© alone, thus differing from 
cZ?-conhydrinon© (IV), which gives both this compound and 
(^^methylconhydrinone. Further, whilst «>opelletierin© is 
recovered from its carboxylic ester (V) on alkaline hydrolysis, the 
corresponding derivative of c?/-co'nhydrinon© (VI) undergoes al 
remarkable reaction, which may have a significance in connexion 
with the processes of plant life, a-2-pyrrolidylbutan-j6-one (VII) 
being produced in excellent yield. It is seen that these results are 
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explicable on the basis of the configurations indicated, and origin- 
ally assigned to the first pair of, isomerides, on the ground of the 
failure through sterio hindrance of <^^methylconhydrinone to 
react with semicarbazide, and its slower reaction with hydroxyl- 
am^e and hydrazine. The isomerism in question is preserved 
when methyl Mopelletierine and if?-methylconhydrinone are 
reduced to the corresponding amino^alcohols, a distinct pair of 
products being obtained from each. The ketonic group is there- 


25 K. Hess, Rer., 1919,52, [B], 1622; 1920, 53, [B], 129; A., i, 36, 329. 

B* 2 
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fore not essential to tli© isomerisni, but tbe formation of the same 
cZZ-methylconiin© from both series suggests that the oxygen atom 
may b© in the present instance. This, however, is apparently not 
always so, because the isomeric forms of 1-methy 1-2-propyl (or iso- 
butyl or b©nzyl)-tetrahydroquinO'lin© ^6 resemble the above com- 
pounds in giving different quaternary ammonium salts, and are 
probably examples of the same type of isomerism. 

The considerable difference in properties exhibited by the 
various pairs of isomerides is in marked contrast to the close agree- 
ment between coniine and ^soconiine. This, in conjunction with 
the production of the same methylconiin© from the above 
isomerides, suggests doubts as to the reality of their isomerism, 
and a careful investigation ^7 has now shown that fsoconiine is 
merely a slightly impure form of comine. 

A whole series of stereoisomerides has been discovered among 
the 2-acidyl derivatives of indazole.28 Stable compounds are 
obtained by the action of acetic, propionic, or benzoic anhydrides 
on indazole, or its derivatives containing substituents in the 
benzene nucleus. From acid chlorides, however, and either the 
parent substances in presence of pyridine or their silver salts alone, 
labile isomerides are produced which more or less readily pass 
over into the stable forms. The inherent improbability of such 
a formula as (I) excludes an explanation based on structural 
isomerism, whilst the recovery of each from its double compounds 
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with, for example, mercuric chloride shows that these are not 
cases of physical isomerism. It is therefore suggested that the 
relationship between them is represented by the formulae (II)r and 

M. Freund and E. Kessler, J. G/iem., 1918, [h], 98, 233; A, 1919, 
i, 283. 

’ K. Hess and W. Weltzien, Her., 1920, 58, [B], 139; A:^ i, 330. 

K. von Auwers and M. Diiesberg, 1179; 4., i, 638. 
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(III). The analogy ten the oximes suggested by these formulae, is 
strengthened by thei fact that, as with aoetophenoneo'xime, so in 
the case of 2-acidyl derivatives of 3-methylindazole, only one form 
has been isolated. Pursuing this, the labile acidyl-ind azoles are 
regarded as syn- (III) and the stable forms as antvQ.omx- 
pounds (II). 

In quinuclidine (IV), the three valencies of the nitrogen atom 
are fixed and directed towards the corners of a. tetrahedron. The 
prediction is therefore made that it should be possible to obtain 
suitably chosen substitution derivatives in enantiomorphous forms, 
but experimental work in this direction has not got beyond the 
initial stages.^® Its development will be awaited with interest, 
because the same conditions are present in 2“^-sulphophenyl-2 : 3- 
dihydro-1 ; 2 : 4 -naphtha wo triazine (V), the apparent resolution of 
which was reported some years ago.30 

The optical activity of pelletierine and methylwopelletierine has 
been reaffirmed. 


Symmetric and Asymmetric Synthesis. 


Consequent upon the elucidation of the structure of scopoline 
(p. 127), an interesting discussion ^2 ]^as developed as to the pro- 
cesses by which in plant life racemic mixtures, such as coniine, 
methylconiine, pelletierine, wopelletierine, methylwopelletierine, 
atropine, laudanine, scopoline, paricine, cryptopine, arabine, ceva- 
dine, delphinine, and delphinidine, are sometimes produced. In the 
majority of these cases it is not unreasonable to assume that at 
some stage in their synthesis a process occurs independently of the 
plant organism, which is a symmetrical one. Thus dl-commQ (II) 
may possibly be produced by such a process from optically active 
conhydrin (I) : 
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It seems, however, improbable that such a hypothesis can apply 
to the case of scopoline, because four asymmetric carbon atoms are 


J. Meisenheimer, AnnaleUi 1920, 420 , 190 ; i, 761. 

T. S. Moore, P., 1914, 30, 182. 

G. Tanret, Compt. rend., 1920, 170 , 113 8; -4., i, 499. 

K. Hess and W. Weltzien, Ber., 1920, 53, [B], 119 ; H. Tringsheim, ibid,, 
1376; K. Hess, ibid., 1375 ; A., i, 328, 774. 
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involved, and it would become necessary to assume tbat the 
majority of the stages of its formation are spontaneous processes. 
The conclusion therefore seems inevitable that the plant organism 
is capable of symmetric synthesis. Although cases of this kind are 
not entirely unknown in animal life, for example, the presence of 
4 ^Z-arabinose in urine as a result of certain disorders, ss they are 
very exceptional. It appears, therefore, that the specific action of 
enzymes is considerably more pronounced in animal than in plant 
life. 


Gatechin. 


The constitution of catecMn has now been practically determined 
as a result of the study of the methylated product of reduction of 
catechin tetramethyl ether, which, on oxidation with alkaline per- 
manganate, furnishes an acid, the molecule of which contains one 
atom of carbon less. Since this degradation is found to be common 
to compounds containing the ethyl group: 

E-CHg-CHg^ E-COgH, 

it would appear that the reduction product is 3:4:2': 4^ :6'-penta- 
methoxy-aa-diphenylpropane (A), which on oxidation would give 
3 :4 : 2' :4' : 6'-diphenylacetic acid (E), and these conclusions have 
been verified by synthesis. The acid was obtained from 
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3 : 4 : 2' : 4' : 6'-pentamethoxydiphenylcarbinol through the corre- 
sponding chloride by means of the G-rignard reaction. From its 
chloride and diazomethane, 3 : 4 : 2' : 4' : 6'-pentamethoxydiphenyl- 
methyl chloromethyl ketone is obtained, which by reduction is 
converted into the required propane derivative : 

CeH2(OMe)g-CH(OH)-CeHs(OMe). 

CcH2(0Me)3-CH(C02H)-C6H8(0Me> 

CeH2(OM:e)g-CH(CO*CH2Ci) •C6H3(OMe)2 

CeH2(OMe)3-CHEt-C0H3(OMe)2. 


Compare 0. Neuberg, Ber., 1900,38, 2243; 1902, 3S, 1468; A., 1900, 
i, 539 ; 1902, ii, 417. M. N^ierenstein, T., 1920, 117, 971, 1161. 

S. von Kostaneoki and V. Lampe, Ben, 1907, 40 , 720 ; A., 1907, i, 334. 
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The properties of each of these compounds are in accordance with 
anticipation, and the formula (I) is proposed for catechin, in place 
of the older formula (II) 26 and (III) ,37 according to which the 
product referred to above would be either 2:4: 6:3' : 4'-pentameth- 
ozy-3-ethyldiphenylmethane (TV) or 3:4:2':4':6'-pentamethoxy- 
a-y-diphenylpropane (Y). Each of these compounds has been syn- 
thesised by the reduction of 2 : 4 : 6 : 3' : 4'-pentamethoxy-3-ethyl- 
benzophenone and 2 : 4 : 6-trimethoxyphenyl 3 : 4-dimethoxystyryl 
ketone respectively, and found to differ from the compound in 
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question. Finally, in confirmation of the new formula, reduction 
of 3-phenylchroman (YI) results in the formation of 2-hydroxy-aa- 
diphenylpropane (YII), from which 2-hydroxydiphenylacetic acid 
(YIII) is obtained on oxidation with potassium permanganate. 


0 



(IX.) (X.) 

From 1-phenylchroman (IX), 2 -hydroxy-a 7 -diphenylpropane (X) is 
obtained, and found to be stable towards permanganate.^® 


S. von KostanecM and V. Lampe, Fen, 1907, 40, 720; A^. 1907, i, 334. 

37 A. G. Perkin and E. Yoshitake, T., 1902, 81, 1 172 ; compare H. Ryan and 
M. J. Walsh, Bd, Proc. Moy. JDuh* Soc., 1916, 15, 113: A., 1916, i, 722. 

38 (Miss) A. Greenwood andM. Nierenstein, T., 1920, 117, 1594. 
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The evidence is therefore so complete that it suffices merely to 
refer to another investigation, in which the identity is affirmed of 
the methylated reduction product with pentamethoxy-ay-diphenyl- 
propane, although, remarkably enough, in other respects substan^ 
tially the same account is given of the preparation and properties 
of this compound. In the circumstances, also, less interest attaches 
to experiments on the synthesis of compounds,^® the structure of 
which is in close agreement with the formula (II). Thus, by the 
respective condensations of 5-hydroxy-2-methylcoumarone and 
5 -hydroxy-2 -methylcoumaran with benzonitrile in the presence of 
hydrogen chloride, 5-hydroxy--2-methyldepsenone (I) and 5-hydroxy- 
2-methyldepsanone (II) are obtained, and from these by reduction 
the corresponding secondary alcohols: 





(IX.) 
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\GRiony(^ 
— / HOl 1 


-CEMe 
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CHo 


The Anthocyanins. 

The evidence for the constitution of the anthocyanins, recorded 
some years ago,^^ was rounded off by a synthesis of pelargonidine 
described in a paper which, however, has only recently become 
available in this country. By condensation of 2:4: 6-trihydroxy- 

K. Freudenberg, Ber., 1920, 53 , [B], 1416 ; A., i, 752. 

^ P. Karrer and F, Widnaer, Eelv. GMm, Acta, 1919, 2, 454 ; A., 1919, i, 595. 

Compare Ann. Beports, 1914, 11, 138 ; 1915, 12, 166. 

B. Willstatter and L. Zechmeister, Sitzungsher, Brems. Ahad. Wiss. 
Berlin, 1914, 34 , 886; A., i, 661. 
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benzaldehyde with, sodium methoxyacetate and the corresponding 
anhydride, 5 : 7-dimethoxyacetoxy-3-methoxycouniarin (I) is ob- 
tained. This compound, by successive treatment with sodium hydr- 
oxide and diazomethane, gives 3 :5 :7-trimethoxycoumarin (II), 
which reacts with magnesium ^?-anisyl bromide to form 3:5: 7-tri- 
methoxy-2-p-anisylpyrylium chloride (III), from which the methyl 
groups are removed by means of hydriodic acid. From the iodide 
thus produced a chloride (IV) is obtained, which is identical in 
every respect with that of natural pelargonidine : 


0 

MeO-CHg-COg/N/NCO 

- 

I CH 

O-CO'CHg-OMe 

(I.) 

Cl 

I 

0 

MeO 

MeO OH 

(III.) 


Me0/\/\C0 
V\<^C*OMe 
MeO CH 


(H.) 

Cl 

HO CH 

(IV.) 


Some other Plant Products. 

Anemonin (I), which is obtained with anemonic acid and proto- 
anemonin by the steam distillation of certain varieties of Anemone 
and Banunculus^^ has now been shown to be an unsaturated lactone. 
It is a doubly unsaturated compound of the formula CioH804, 
which exhibits the reactions of the carbonyl group,^^ yields oxalic 
and succinic acids on oxidation, and by acid or alkaline hydrolysis 
is converted into anemoninic acid (II). The last is an unsaturated 
Compound, with reducing properties and existing in stereoisomeric 
forms, which gives -y-ketopimelic acid on oxidation. By catalytic 
reduction of anemonin, a tetrahydro-derivative (III) and, finally, 
sebacic acid are produced, whilst a dihydro-derivative (IV) is pro- 
duced in the presence of sodium amalgam, and this is converted by 
hydrolysis into anemonolic acid, which is found to be identical with 
dilsevulic acid (V), and is obtained directly from anemonin by the 

** R. Willstatter and E. K. Bolton, Annalenf 1915, 408, 42 j A., 1916, i, 283. 
H. Beekurts, Ohem. Zentr., 1885, 776; A., 1886, 365. 
im., Arch. Pharm., 1892, 230, 182; A., 1892, 1241. 

^ Y. Asahina and A. Fujita, J. Phctrm* Soc, Japan f 1919, 471 ; 1920, 1 ; 
1920, No. 461 ; A., i, 70, 493, 678. 
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action of ooH hydriodie acid. Tte changes are represented by the 
following sclieme’: 


OH 


OH 


CH,-C< 


CH^-CH, 
O — CO 


I 1 .ch:ch 

m,-o<Q__lo 


CH. 


■c<n 


!0 




(I.) 
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(pH2‘C0-0H:CH-C02H 

CHa-CO-OHs-OHg-OOgH 

(II.) 



(HI.) 


Sebacic 

acid 


IHg’CO-CHg-OHg-COaH 

JHa-OO-CHg-CHg-COgH 

(V.) 


This interpretation is supported, by the synthesis of protoanemonin 
(VI), a vesicant substance from which anemonin is derived by spon- 
taneous polymerisation. Acetylation of jS-bromolsevulic acid results 
in the formation of a lactone (VII), from which the elements of 
hydrogen bromide are removed by means of sodium acetate. The 
product, doubtless acetylacetoacrylic acid, on distillation furnishes 
protoanemonin : 


CHs-OO'OHBr'OHg-COaH 


CH CHBr-CH^ 
AcO*^ *^0 CO 


(VII.) 



0H2:c< 


oh:(J)h 

o—co 

(VI.) 


Anemonin has been similarly synthesised from dibromoangelica- 
lactone. 

Hyptolide, another plant product, is also considered to be an 
unsaturated lactone, and is formulated as a derivative of dihydro- 
pyrone ^ ; 


Elsho-ltzione, a ketone, CioHi 402 , obtained by steam distillation 
of MshoUzia cristata^^'^ yields isovaleiric acid on O'Xidation, and by 
treatment with amyl nitrite and sodium ethoxide is degraded to 
3-methylfuran-2-carboxylic acid (homopyromucic acid); a 
behaviour which is reproduced by the synthetic ketones obtained 

K. Gprter, Bug. Jard. hot. BuiUmorg, 1920, [iii], 1, 327 ; A., i, 494. 

Y. Asahina and Y. Mnrayama, Ardk. Pharm.. 1914, 252, 435: A., 1915i 
i, 429. » 
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by tb© aotioTX of magnesium alkyl baloids on pyromuconitrile. 
These reactions and the reduction of its hydrazon© to 3-m©thyl-2- 
isoamylfuran (II) all point to the composition of the compound as 
being represented by the formula (I) >8 


CH-*CMe 

(jn C-CO-CHg-CHMe, 

\/ 

0 

(I.) 


CH-fDMe 

CH C*C(:N-NH2)-CH2*OHMe2 


CH-CMe 

CH C-CH2*CH2*OHMe2 

\/ 

0 

( 11 .) 


The Glyomlines. 


An investigation of the orientation of substitution derivatives 
of glyo'xaline has given interesting results. Direct nitration, and 
probably also direct sulphonation,50 takes place in the 4-position. 
On reduction by cold stannous chloride solution, the 4-nitro-deriv- 
atives of 5- and S-methylglyoxalines, and of glyoxaline itself, 
respectively give, not the amino^compounds (a small proportion in 
the case of the 5 -methyl derivative being excepted), but a-alanine, 
a-amino-a-iminoethane, and glycine. The course of the changes in 
the last two cases is represented as follows : 


{a) 


m * c - 


CH-NH. 

U .«>CMe 




,,, CH'NH 

NO,-C W 




CHg-NH 
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Lnh. 


CH*NH. 
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Although this is a plausible view of the reaction, it seems not very 
clear by what process the amino-compounds are converted into 
glyoXalones. The hypothesis, which may first suggest itself to the 


M. Asano, J. Pharm. 8oc. Ja^an^ 1919, 999 ; A., i, 495. 
^8 R. a, Fargber and F. L. Pyman, T., 1919, 115, 217. 

* F. L. Pyman and L, A. Bavald, iMd., 1920, 117, 1429, 
R. G. Fargber, iUd,^ 668. 
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reader and ascribe the change to' a hydrolysis of the aniino*-deriv- 
ativ© reacting in the imino'-form, wonld probably not be accept- 
able, because 4-aniino-5-niethylglyo'xalin© shows the reactions of a 
true amine, whilst 2-aminoglyoxalin0 is a monoacidic, non- 
diazotisabl© base, which does not give a benzylidene derivative. 
It is therefore regarded as an iminoi-compound, although in this 
case its stability towards acid may seem remarkable. 


The Rhodanines. 

The results of two investigations point to the existence of 
tautomerism in the rhodanine series. Thus, whilst rhodanine 
gives a. colourless dibenzoyl derivative (I), a yellow monobenzoyl 
derivative (II) is obtained from benzylidenerhodanine/'’^ Further, 

.C(SBz):N C(SBz)==:N 

^^CH=C -OBz ^C(:OHPh) • C 0 

(I.) (n.) 

5-m©thyl-3-ethylrhodanin0-5-acetic acid (III) is obtained in an 
optically active form by the condensation of sodium ^niethyl- 
bromosuccinate with potassium ethyldithiocarbamate, but S-phenyl- 
5-methylrhodanine (IV), prepared from phenyl thiocarbamide and 
^:?-thiol-lactic acid, is inactive, O'wing to racemisation of the initial 
product through its enolic form.®® 

CS NEt CS NPh 

^CMe(0H2*C02H)*C0 ^CHMe-CO 

(HI.) (IV.) 


The Qumolim Grouj). 

The well-known reactivity of 2- and 4-substituents in the 
pyridine nucleus is further exemphfied by the preparation of a- 
and! y-quinolinesulphonic acids by boiling the corresponding 
chloro-compounds with a solution of sodium hydrogen sulphite.®^ 
Similarly, the acids, which may also be prepared from the thio- 
quinolines, on treatment with phosphorus pentachloride give, not 
the corresponding sulphonyl chlorides, but the chloroquinolines, 
and the a-sulphonic acid is converted into carbostyxil by simply 
boiling it with water. The jS-isomeride, which is obtained in an 

C, GrS/nacher, B.dv. Chim. Acta^ 1920, 3, 152 ; A., i, 252 . 

S. Kallenberg, Her., 1919, 52, [B], 2057 ; A., i, 90. 

E. Basfchom and B. Gaissslbrecht, ibii,, 1920, 53, [B], 1017 ; AL., i, 563. 
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indirect manner, is a stable compound, from which a sulphonyl 
chloride can be prepared in the usual way. 

The total synthesis of quinine and its derivatives is nearing 
completion, since methods are now available for dealing with 
particular cases of each stage of the problem. As these may well 
prove adequate for the purpose in view, it seems appropriate to 
indicate briefly the present position. 

(a) The syntheses of quinic and cinchonic acids from quinoline 
and methoxyquinoline, respectively, have been referred to in 
prevmus Reports,«5 whilst the communication is promised of results 
obtained by the use of Knorr’s quinoline synthesis.'® 

Ror the ^ preparation of appropriate derivatives of 
^-4-piperidylpropio'nic acid, hitherto certain less valuable 
alkaloids of the cinchonine group have been subjected to degrada- 
tion. For example, cinchotine (dihydrocinchonine) (I) is con- 
verted into cinchoticine (cinchotoxine) (II). The dimethosulphate 
of A-benzoyloinchotoxine (III) is then converted by oxidation to 


OHEt-CH— OH, 


CHEfCH— OH, CHEt-CH— CH, 


-OH 

CH'OH 


./\/\ 


OH^-NH OH, OH,— lIBz OH, 


0 ^ 

\/\/ 
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(n.) / 
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OHBt-OH— OH, 


-HBz OOjH 


jNMe-OHO 


i\^-b©nzoylliO'mo'ciiLcliO'loi6iip(>n© The synthesis proper of 

thesfft acids is now foreshadowed by that of the parent j8-4-pip©ridyl- 

Ann. Reports, 1918, 15, 113; 1911, 8, U2. 

T. Babe and K, Kindler, Ber., 1918, 61, 1360; A., 1919, i, 34. 

A. Kanfmann, E. Rothlin, andP. Brannsehweiler, ibid., 1916, 49, 2299; 
A., 1917, i, 50 ; P. Babe and K. Kindler, loc. cit. 
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propionic acid as the product of reduction of /3-4-pyridylacrylic 
acid, which may be obtained from y-picoline and chloral : 


Me 

/\ 
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CH,-CH(OH)-CCl3 

ch:ch-co,h 

/\ 

/\ 

1 1 

1 1 — > 

\/ 

\/ 

N 
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CH-OIIj-CHj-COaH 


iCH, 


HsCl^yCHg 


Since it has also been found possible to convert nicotinic acid into 
iS-ethylpyridine,®^ there is a good prospect of preparing homo- 
cincholeupone from y-picoline-j8-carboxylic acid, which itself is 
accessible by synthesis. Owing, however, to the presence of two 
asymmetric carbon atoms in the formula, the synthetic product 
will consist of^ four isomerides, of which only one will serve for 
the synthesis of the natural alkaloids. Further, special precau- 
tions will, of course, be required in connexion with the unsaturated 
group when the attempt is made to synthesise homomeroquinenine, 
from which cinchonine and quinine themselves are derived. 

(c) The condensation of ethyl cinchonate oi' ethyl quinate with 
ethyl iV^-benzoylhomocincholeupone by means of the Claisen reac- 
tion, and subsequent elimination of the benzoyl and carbethoxyl 
groups, has resulted in the respective syntheses of dihydro- 
cinchoticine 59 (I) and dihydroquinicine,®®® which have been con- 


CjHjN-COjEfc + C0jEt-CH2-CH2-0H<Qgi^^2pNBz ->• 
0 ,HeN- 00 -OH( 005 Et)-CH 5 -CH<g®*“°® 2 >NBz 

(I.) 

verted by known methods into dihydrocinchoninone and dihydro- 
quininone respectively. From these ketones, dihydrocinchonine 
and dihydrocinchonidine on the one hand, and dihydroquinine and 
dihydroquinidin© on the other, are produced by reduction ia the 
same manner as quininone yields quinine and quinidine. 

P. Babe and K. Kindler, loc. dt. 

Ibid., Ber., 1919, 62, [B], 1842; A„ i, 78. 

Ann, Reports, 1918, 16, 113. 


» Ibid. 
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The structure of cinclionine being clear, tbe greater prospect of 
determining tliose of its isomerides lias led to renewed investiga- 
tions of their relationships to the alkaloid. Apart from 
cinchonidine, the stereoisomerism of which with cinchonine is 
represented by the formulse (I) and (II) and the ketone 


CHgXH-CH-CH-^Hg 
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cinchotoxine, there are known a-«socinchonine (oinchoniline), 
y3-2sooinchonine (cinchonigine), and apo- or a^^^o-cinchomne. These 
are all derived from cinchonine by the action of hydro^haloid or 
sulphuric acids, or by elimination of the elements of the hydrogen 
haloids from its hydro^haloid additive products. a^oCinchonine, 
like cinchonine itself, reacts as an unsaturated hydroxylic com- 
pound, but the others do not, and have therefore been considered 
to be internal ethers. This has been confirmed in the case of 
the a-isomeride, which is stable towards dilute mineral acid, but 
is converted by dilute acetic or phosphoric acids into a hydroxy- 
dihydrocinchotoxine (lY), from which a. hydroxydihydrocinchonin- 
one (Y) can be obtained by the general reaction previously 
mentioned,®® The structure of cinchoniline is therefore repre- 
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P. Babe and others, Annalen, 1910, 878, 86; A., 1910, i, 417. 
W. Koenigs, ibid., 1906, 347, 186; A., 1906, i, 762. 

" P. Babe and B. Bdttcher, Ber., 1917, 50, 127 ; 1917, i, 281. 
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sented by the formula (III), the nature of the group being 

left undetermined. On other grounds, however, this would appear 
to have the ethylidene structure, since a-hydroxydihydrocinchonine 
gives the iodoform reaction, and therefore probably contains the 
grouping This compound, which is obtained by 

the addition of the elements of water to cinchonine, is probably 
stereodsomeric with the jS-compound, produced simultaneously, 
since both on dehydration give ct- and ;8-dsocinchonines and 
apocinchomne, although in relative proportions, which are not the 
same in each case.®^ Further, although the three isomerides of 
cinchonine, on treatment with hydrogen bromide, form the same 
hydrobromocinchonine, this is accompanied in the cases of 
jS-isocinchonine and a^jocinchonine by hydrobromo-<2y?ocinchonine. 
Also cinchonine and a-^ocinchonine give the same hydroiodo^ 
cinchonine, but ^wocinchonine and <3^^ocinchonine give hydroiodo- 
ay?ocinchoninei. It is therefore concluded that a-«so cinchonine is 
sterically related to cinchonine and ^-'^'socinchonine to apo- 
cinchonine, the relationship of the isomerides being expressed by 
the formulae: 


CHglOH'CieHi^NgrOH'OH 

Cinchonine. 


CHg'CH’OisHi^N^rCH 

!_ 0 ^ 

Cinchonigine and cinchoniline. 


CH3*CH:C,eHi,N2:CH-0H 

apoCinchonine. 


By treatment of cinchonidine with sulphuric acid, there results, 
besides jB- and a-y70'cinchonidines, a hydroxydihydrocinchonidine, 
which gives the iodoform reaction, and on dehydration furnishes 
j8~ and ^y?ocinchonidines but no internal ether. This deviation 
from the behaviour of the hydroxydihydrocinchonines leads to the 
suggestion of structurally distinct formula for the hydroxy- 
dihydro-derivatives of cinchonidine and cinchonine.®^ These, 
however, need not be reproduced here, since the reader will prob' 
ably find it difficult to reconcile this view with the stereoisomeric 
relationship of cinchonine to cinchonidine. The writer prefers to 
consider the difference in question as explicable by assigning the 
formula (I) to cinchonine, leaving the formula (II) for 
cinchonidine. 


E. L4ger, Compt. rend., 1918, 166, 903 ; A., 1918, i, 304, 
Idem, ibid,, 1919, 168, 404; A., 1919, i, 170. 

Idem, iUd., 1918, 166, 255, 469 ; A., 1918, i, 182, 232. 
Idem, ibid., 1919, 169, 67; A., 1919, i, 451. 
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Quinolme Dyes. 


The constitutio'ii of the isocyanines has bee>n variously repre- 
sented by the formnlge (I), (II), and (III) : 
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of which (II) alone explains the formation of identical products 
from unsubstituted quinolines and from their 4-ohloro^deriv- 
atives.®® Against (III), it has been shown that the methiodide 
of the synthetic product (IV) resulting from the reduction of the 
condensation product of o-nitrocinnamaldehyde and quinaldine 
differs entirely in its properties from the ^'socyanines. Further- 
more, dimethyh'socyanine acetate, on oxidation, yields l-methyl-2- 
quinolone and cinchonic acid methochloride (hydrochloric acid 
being used in separating the two).^^ It will be seen that this result ’ 
favours a formula of the type (V) rather than (II) for the 



(VI.) 


A. Kaufmann and E. Vonderwahl, Her., 1912, 45, 1404: ,* A., 1912, i, 502. 
W. H. Mills and P. E. Evans, T., 1920, 117, 1035. 

’0 W. H. Mills and R. S. Wishart, iUd., 579. 



122 ANNUAL EEPOETS ON THE EEOGEESS OE CHEMISTEY. 


^socyanines, but it is probable tbat tbe two represent virtually 
tautomeric compounds. It is therefore not surprising that dyes 
of the n'socyanin© type are also obtainable from the alkyl haloid 
additive products of sufficiently pure lepidine^2 and its homo- 
logues. From analogy, the cyanines almost certainly correspond 
with the formula (VI). 

The constitution of pinacyanol has also been elucidated. 
diethylcarbocyanine is better prepared by the action of potassium 
hydroxide and formaldehyde on a mixture of the ethiodides of 
quinoline and quinaldine than on quinaldine ethiodide alone; 
yet the latter is alone concerned in the reaction. By oxidation of 
diethylcarbocyanine bromide with dilute nitric acid, quinaldinic 
acid ethyl nitrate (YII) is produced, whilst by the action of 
potassium permanganate on the acetate, l-ethyl-2-quin clone (YIII) 
is obtained. The formula (IX) is therefore adopted for pinacyanol. 



/\ /\ 

Et NOg Et X 

(VII.) (IX.) (VIII.) 

In view of the importance of these compounds in colour photo- 
graphy, and the fact that hitherto their manufacture had been 
a German monopoly, activity is being displayed in various direc- 
tions in working out the details of their preparation.'^^ 


The Ghelidonium Alkaloids. 

j8-Homochelidonine, an isomeride of cryptopine, resembles it in 
its physiological action, and in that its oxidation by mercuric 
acetate results in the displacement of two hydrogen atoms by an 

E. Q. Adams and H. L. Haller, J. Amer. Chm. Soc.t 1920, 42, 2389 ; A., 
1921, i, 53. 

L. A. Mikeska, 2396; A., 1921, i, 54. 

W. H. Mills and (Miss) F. M. Hamer, T., 1920, 117, 1650; compare 
0. Fischer, J. pr. Chem., 1918, [ii], 98, 204; A., 1919, i, 172; L. E.Wise, 
E. Q. Adams, J. K. Stewaart, and 0. H. Lund, J. Ind, Eng. Chem.^ 1919, 11, 
460; A., 1919, i, 416. 

’» H. Barbier, Bull Soc, cMm., 1920, [iv], 27, 427 ; A., i, 568; L. E. Wise, 
E. Q. Adams, J. K. Stewart, andO. H. Lund, J. Ind. Eng. Ohem,^ 1919, 11, 460 ; 
A., 1919, i, 416; L. A. Mikeska, H. L. Haller, and E. Q, Adams, J. Awen 
Ghm. Soc., 1920, 42, 2392 ; A., 1921, i, 54 ; (Sir) W. J. Pope, J. Soc. Ohem. 
Ind., 1920, 39, 370r. 
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oxygen atom. It is therefore called «Z^ocryptopine, and represented 
by the formula (II) ,74 that for cryptopine being (I): 
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In conformity with this, aZZocryptopine is converted by treatment 
with phosphoryl chloride into dihydroberberine methochloride (III), 
just as isocryptopine chloride is obtained from cryptopine. Simi- 
larly, dihydrocfZZocryptopine (IV) gives tetrahydroberberine metho- 
chloride (V) : 
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The authors of the formulae (I and II) have each expressed some 
misgivings in attributing a ten-membered ring structure to natural 


J. Gadamer, Arch. Fharm., 1919, 257, 298 j 1920, 258, 148; A., i, 75, 
872. 
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products. It is, however, now suggested that the salts of these 
alkaloids, which is the form in which they occur naturally, contain 
two six-membered rings, and that the ten-membered ring is only 
pioduced when the bases are isolated. The changes involved are 
formulated as follows : 


s/V,^.oh/Y 

Me 01 
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/\/ Y-oh/ , 
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This view readily explains the fact that the bases are only gradually 
precipitated from solutions of their salts by alkali. 

Sufficient progress has been made towards the determination of 
the constitution of chelidonine and a-homochelidonine to permit the 
deduction of provisional formulse for these alkaloids as a working 
basis. They differ from aZZocryptopine in that on oxidation with 
mercuric acetate, they merely lose two atoms of hydrogen. The 
reaction serves, however, to connect these compounds with chelery- 
thrine, since the product from a-homochelidonine has been identified 
as dihydrochelerythrine. 


Codeine. 

A considerable advance towards the determination of the consti- 
tution of codeine and its congeners has been made by the prepara- 
tion of two structurally distinct forms of tetrahydrodeoxycodeine.^^ 
Of these, the a-form, which had been previously obtained from 
deoxycodeine by means of sodium and alcohol, was considered to be 
a dihydro-derivative, but its formation from codeine by the follow- 
ing series of reactions : 

CAO3N ^ c,h,03N c,3H,anci 

Codeine. Bihydrocodeine. Ohlorodihydrocodide. 

CisH^sO^N ^ CjsHAN, 

Bihydro deoxy- a-Tetrahydro- 

codeine. deoxycodeine. 

M. Freund, W. W. Melber, and E. Schlesinger, J. pr, Chem., 1920, [ii], 
101, 1; A., i,757. 



OEGAKIO CHEMISTRY. 


125 


leaves no doubt as to its composition. Th© absorption by deoxy- 
codeine of two molecular proportions of hydrogen in the presence of 
palladium is equally conclusive in respect of the jB-compound. Of 
the two formula current for codeine, the first (I) affords no 
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explanation of the isomerism, but according to the second (II) 
the changes may be represented in the following way : 
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Deoxycodeine. 


Both the tetrahydro-derivatives contain phenolic hydroxyl groups, 
but it is to be noted that there is at present no evidence which 
permits a decision as to which of the two formulae is to be attributed 
to either compound, 

PyTTolidin& Alkaloids. 

Cu&khygrine, to which the formula (I) was assigned^® on the 
grounds of its empirical composition and its oxidation to hygric 
acid (A);, is in reality ay-di-iV-methyl-i2~pyrrolidylpropan"j3~one 
(II). Its asymmetry follows from the formation of two distinct 

L. Knorr andH. Horlein, Ber., 1907, 40, 3341 ; A.., 1907, i, 789 j compare 
J. von Braun, Ber., 1914, 47, 2312; A,, 1914, i, 1138, 

M. Preund and E. Speyer, ihid., 1916, 49, 1287; A., 1916, i, 738. 

C. Liebermann and G. Cybulski, 1895, 28, 585 ; J.., 1895, i, 310. 

” K. Hess and H. Fink, ibid., 1920, 53, [B], 781; A., i, 497. 
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hydrazones, wliich are notable as tbe first examples of their kind, 
and are reduced by sodium ethoxide respectively to di-iY-methyl-2- 


OH 2 -CH 2 

CH„ CH-CHg-CO-CH^-CH CH^ 

\/ \/ 

NMe 


(L) 


NMe 

OH, 6h-CH— OH CH, 
\/ COMe \/_ 


NMe 


NMe 


(11.) 


CHrCH, 

CH. CH*COoH 

\/ 

NMe 

U.) 


pyrrolidylm ethane (IV) and aa-di-iV-methyl-2-pyrrolidylpropane 
(V). The alkaloid does not respond to the usual tests for the 


CHg CIH-CIH-OH CHg 

\/ Et \/ 
NMe NMe 
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/3-foi'm 


a-form 
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CH, OH CH 

\/ MeC:N-NH. 
NMe 


9H,-CH 
OH, CH, 
\/ ‘ 


NMe 


9H,-9i 

CH, Cl 


CH,-9H, 
.5 CH-CH„-CH CH, 

\/ \/ 

NMe NMe 

(IV.) 


*CH 2 *C 0 * grouping, but absorbs six molecular proportions of nitric 
oxide in the presence of sodium ethoxide. This reaction has not 
been utilised since its discovery, so but promises to be specially valu- 
able in such cases in that it permits the rupture of the molecule 
by a smooth alkaline hydrolysis into simpler recognisable fragments. 
In the present instance there are thus obtained methylenedmonitro- 
amine, iV-methyl-2-pyrrolidylacetic acid, and a mixture of unsatur- 
ated, more or less completely demethylated, bases of the type (VI), 
which by reduction and re-methylation give the above di-iV'-methyl- 
2-pyrrolidylinethan6 as sole product: 


N.O^H 

.Q 

1 


CHg (5H 


A/ 

NMe 


CH,-CH2 
-CH CH. 

\/ 

NMe 


QH^-CH^ CH^- 


30 

(pHg-CpHg Y«2 

0H2(N202H)2 4- CHg (JH-CHa-COgH + CHj CH-OH: 

“ \/ \/ 
i^Me NMe NMe 

(VI,) . 

8® W, Traube, Amalen* 1B98, 300, 81 ; A,, 1898, i, 349. 
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By the action of potassium hydroxide, cuskhygrine is converted into 
hygrine. It is suggested that a similar reaction may occur in 
nature, and further that the carboxyl group of ecgonine may 
represent an oxidised pyrrolidine nucleus of cuskhygrine. 

A reaction which may well render the synthesis of cocaine and 
related compounds a commercial possibility consists in the applica- 
tion of the Dieckmann reaction to diethyl A-methyl-2 :5-pyrrolidyl- 
diacetate, which is obtained by the action of methylamine on 
diethyl succinyldiacetate. The condensation product thus obtained 
is then reduced in glacial acetic acid solution by hydrogen in the 
presence of platinum: 


CHg-CO-OHg’COgEt 

iHj-CO-CHj-COjEt 


+ CHj-NHj 


CHro-CHa-COsiEt 
I NMe — >■ 

CH:C-CHj-CO,Bt 


CHj-OH-CHj'CO,Et 

NMe 


CHj-CH— CH-COjEt 

irMe 6o 

OHj-CE— CHj 


The ethyl tropinonecarboxylate produced may be reduced electro- 
lytioally or by sodium amalgam to the ethyl ester of r-ecgonine. 

The constitution of scopolamine and scopoline has now been 
determined. As scopoline was known to be an internal ether, 
from which hydroscopoline (1 : 2-dihydroxy tropan), ^2 


4 5 6 

OHg-CHj-OHg 

3CH-KM(s-6h» 

CH(OH)-CH-OH 

2 1 

A. 


derived by rupture of the etheric linkage ^ through the addition of 
two hydrogen atoms, it only remained to determine which of the 
other atoms of the molecule is involved in the oxide ring. The 
remarkable results of the degradation of scopoline by exhaustive 
methylation permit a decision on this point.®^ Although the distil- 
lation of scopoline methohydroxide under ordinary pressure results 
in profound decomposition, under diminished pressure satisfactory 


81 E..,Willstatter, D.B.-P, 302401; A., i, 680. 

8^ Ann, BeporUf 1918, 15, 112. 

8=^ E. Schmidt, Apoth, Zeit, 1902, 17, 692; A„ 1903, i, 61. 

8* K. Hess, Her., 1919, 52, [B], 1947 ; A,, i, 81. 

88 W. Luboldt, Arch, Pharm., 1898, 236, 26; A., 1898, i, 499; E. Schmidt, 
Ardh, Pharm,, 1905, 24j3, 666 ; A., 1906, i, 103. 
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results are obtained. In place of tlie expected product, however, an 
isomeric, doubly unsaturated tertiary base, i/^-demethylscopoline 
(II), is obtained. The crucial result follows from the attempt to 
degrade this compound by exhaustive methylation, and may be 
considered in the following manner, which differs somewhat from 
that in the original paper. The product has a molecular formula 
greater by one methylene group than that of i/^-demethylscopoline, 
due to the presence of a methoxy-group. The double bonds present 
have no influence on the result, because the product gives a tetra- 
hydro-derivative (IV), which is identical with that similarly 
obtained from tetrahydro-^/'-demethylscopoline (V). Although a 
free hydroxyl group is no longer present, it cannot be assumed that 
direct methylation of the hydroxyl group in ^-demethylscopoline 
has occurred under such conditions. Hence the oxygen atom of the 
etheric linkage must have been methylated as the result of a 
profound molecular rearrangement, the product therefore being 
called O-methyli^o-i/'-demethylscopoline (III). Such a change, how- 
ever, can only be adequately explained by assuming that the 
dimethylamino-group of i^-demethylscopoline is attached to one of 
the carbon atoms carrying the etheric linkage, which is destroyed 
so easily. This atom must therefore be 3- or 7- of the tropine ring. 
Assuming that the other carbon atom involved in the ether struc- 
ture is that in position 2, the former is excluded because it would 
involve the initial formation of a double bond in the original 
degradation of iV-methylscopoline either in the 1 : 7- or the 6 : 7-posi- 
tions. Of these, the first would represent the formation of the 
enolic form of a ketone, which is not observed, and the second 
supplies no explanation of the instability of the initial product and 
its rearrangement to a doubly unsaturated compound. This, how- 
ever, is at once forthcoming on the assumption that the dimethyl- 
amino-group of ^-demethylscopoline is attached to the 7-carbon 
atom, as will be seen from the scheme on p. 129. The formula 
for scopoline is therefore represented by (I), whilst that for 
scopolamine is (VI) 4 

One of the two quaternary carbon atoms is seen to be responsible 
for each of the rearrangements. It is noteworthy that both 
O-methykao-t/f-demethylscopoline and its tetrahydro-derivative are 
recovered unchanged when the attempt is made to degrade them 
further by exhaustive methylation. 

The results of this investigation are an excellent illustration of 
the valuable information as to the factors which modify the 
stability of cyclic compounds to be derived from a study of natural 
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products — made up as they often are of structures not obtainable 
in the laboratory. 

J. Kenner. 
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ANALYTICAL CHEMISTRY. 


The contributions to this brancL of chemistry have been of a 
much more varied character during the past year than has been 
the case during the preceding five years. America has continued 
to show the greatest activity in this respect, whilst the conditions 
in this and other countries more seriously affected by the war have 
not yet become normal. 

The main material difficulties in the way of analytical work 
have been the lack of an adequate supply of suitable glass 
apparatus and the continued shortage of platinum. Further 
devices have, therefore, been proposed to obviate the use of that 
metal. ^ For example, it has been shown that for certain quan- 
titative estimations, such as the analysis of chrome iron ore, 
platinum basins may be replaced by lead basins^, 2 whilst iron basins 
are suitable for sulphide fusions.^ An efficient substitute for 
platinum wire for ffame tests may be prepared from a strip of 
rolled filter paper, ^ or from the “ lead ” of a black-lead pencil.® 

Physical Methods. 

A new form of viscosimeter of the capillary type has been 
devised. The oil or other liquid is forced up into the tube by the 
compression of a bulb, the temperature brought to a definite point 
by means of a thermostatic jacket, and the time required for the 
liquid to fall between given points is noted. The absolute vicosity 
is then calculated by means of the formula: rj^Kdt, where K 
represents a constant of the apparatus, d the specific gravity of 
the liquid, and t the time in seconds.® 

The errors associated with the falling sphere type of viscosi- 
meter have been taken into consideration in a new instrument, 

1 Compare Ann. Beports, 1918, 15, 118 ; 1919, 16, 127. 

* C. Hiitter, Zeitsch. angew. Ghem., 1919, 32, 380 ; A., ii, 189. 

® H. Sertz, ibid., 1920, 33, i, 166. 

* A. Ehringhaus, Gentr. Min., 1919, 192 ; A., ii, 263. 

® C. 0. Kiplinger, J. Ind. Eng. Ghem., 1920, 12, 600 ; A., ii, 381. 

« G. Baume andH. Vigneron, Ann. OUm. mat, 1919, [ii], 1, 379 ; A., ii, 92. 
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in whicli the steel ball is delivered into the centre of the tube, 
and corrections for the wall and end effects are applied, the result 
being calculated into absolute viscosity by means of a modifica- 
tion of Stoires’ equation.^ 

Fischer’s viscosimeter, which is particularly suitable for very 
viscid liquids, consists essentially of an inner tube surrounded by 
a water jacket, resembling a vertical Liebig’s condenser, through 
which water at a definite temperature is run. The viscosity is 
measured by the time required by a metal ball to fall between 
two points on the inner tube.^ 

A viscosimeter may be used for determining the density of a 
liquid of which only a few c.c. are available,^ the calculation being 
made by a combination of the formulse of Ostwald-Poiseuille and 
of Scarpa 

The determination of the surface tension affords a means of 
identifying minute quantities of organic liquids. A capillary tube 
containing a short column of the liquid is turned until the lower 
meniscus of the latter changes to a plane surface, and the angular 
deviation of the tube from the vertical position is then read on a 
quadrant scale. The surface tension, T, is calculated by means of 
the usual formula: T^dxhxrx^^OI 2 dynes per sq. cm.^i 

For estimating the acidity of liquids, the use of surface-active 
indicators, as originally suggested by Tiraube and Somog3d,i2 jg 
often more convenient than the use of colour indicators.^^ By 
using salts of alkaline nature, such as eucupine dihydrochloride, it 
is possible to titrate highly dissociated acids in the presence of a 
primary phosphate/^ whilst the relative alkalinity of the carbonates 
and hydrogen carbonates of potassium, sodium, calcium, and 
magnesium may be determined in an analogous manner. 

A study of the soap-bubble method of determining the ignition 
temperature of gaseous mixtures has shown that, even after 
careful standardisation of the coils, size of bubble, and other 
.details, the results cannot be depended on, even for comparative 
purposes. 

’ W. H. Gribson and (Miss) L- M. Jacobs, T., 1920, 117, 473. 

8 Chem. Zeit., 1920, 44, 622. 

9 W. Blo^k, ZeitscK angew. Chem., 1920, 33, 198 ; A., ii, 590. 

10 Qazzetta, 1910, 40, ii, 261 ; A., 1911, ii, 17. 

C- 0. Kiplinger, J. Amer. Ghem. Soc., 1920, 42, 472 ; A., ii, 291. 

Zeitsch. phy8>-ch6m- Biohj 1914, 1, 479 ; A., 1915, ii, 101. 

13 Windisch and W. Dietrich, Biochem, Zeitsoh.y 1919, 100, 130 ; A., 

'i* lUd., 135 ; A., ii, 706. 101, 82 ; A., ii, 707. 

J. W. McDavid, T., 1917, 111, 1003. 

A. G. White and T. W. Price, ibid., 1919, 115, 1248. 
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Tlie melting-point curves obtained witb binary and ternary 
mixtures of nitronapkthalenes may be used in the analysis of the 
industrial products of nitration. The simultaneous presence of 
mono- and tri-nitronaphthalene is indicated by points of arrest in 
the cooling curves.^® Even when the melting point of the pure 
substance is not known, the freezing-point curve affords an indica- 
tion of the amount of impurity present.^^ 

A new physico-chemical method of examining double salts has 
been based on the measurement of the temperature produced on 
mixing the solutions with a constant liquid, such as phenol. When 
a double salt is in solution, there is a variable difference between 
the observed and calculated results . 20 

Turning to optical methods, it has been shown that the ion con- 
tent of an aqueous solution of salts may be calculated from the 
refractive indices of the liquid before and after precipitation of 
one of the component salta^ 

Small amounts of lead in copper may be estimated spectroscopic- 
ally, time required for the bright lead line (405 '8 /^ip) under 
constant conditions being noted. Another application of spectro- 
photometry is in the analysis of colourless organic compounds, 
which for this purpose are converted into coloured compounds.^^ 

Reference may also be made to a new form of nephelometer 
and to a photographic turbidimeter, in which one beam of light 
is passed through the column of suspended substance and a second 
beam of equal intensity through standardised glass disks. In 
the nephelometric estimation of chlorides, the intensity of the 
opalescence of the silver chloride suspension is increased and 
rendered more constant by heating the liquid to 40° after the 
precipitation. 26 The nephelometric values of cholesterol and the 
higher fatty acids have been shown to be affected by hydrolysis 
and by the presence of other substances, which, by themselves, do 
not produce turbidity.®^ 

The comparison of the fluorescence produced by ultra-violet rays- 

P. Pascal, Bull. 80 c. 1920, [iv], 27 , 388 ; A., ii, 514. 

W. P. White, J, Physical Chem., 1920, 24 , 393 ; A., ii, 529. 

R. Dubrisay, GoTnpt. rend., 1920, 170 , 1582 ; A., ii, 508. 

M. de Crinis, Zdtsch. 'physiol. Ghem.t 1920, 110 , 264 ; A., ii, 700. 

C. W. Hill and G. P. Luckey, Trans. Amer. EUcProchem. Soc., 1917, 32, 
335 ; A., ii, 193, 

2 a W- E. Mathewson, J. Amer. Ghem. Soc.y 1920, 42, 1277; A., ii, 566. 

C. Ch4nev6au and R. Audubert, Gompt. rend., 1920, 170 , 72® ; A., 
ii, 327. 

W. G. Bowers and J. Moyer, J. Biol. Ghem., 1920, 42, 191 ; A., ii, 444. 

A. B. Lamb, P. W. Carleton, and W. B. Meldrum, J. Amer. Ghem. Soc.f 
1920, 42 , 251 ; A., ii, 383. 

E. A. Csonka, J. Biol. Ghem.y 1920, 41 , 243 ; A., ii, 272. 
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on substances in the cylinders of a nephelometer affords a new 
means of quantitative analysis.^s 

A physical method of identifying and determining the purity of 
acids has been based on the observation of their dissociation 
constant, which may be determined, for example, by comparing the 
change of colour of the same indicator in the solution and in a 
standard solution of known hydrogen-ion concentration. A 
simple method of determining the ion concentration of ultra- 
filtrates and other solutions free from proteins is to add an ion 
forming a sparingly soluble salt with the ion in question, and to 
note the limit of solubility, as indicated by the formation of a 
milky turbidity. In the case of calcium, the method gives results 
accurate within 2 to 3 milligrams per litre.^o 

A method of analysis by fractional distillation under a constant 
reduced pressure is useful for the separation of substances having 
boiling points which are close together. The fractionation is con- 
tinued until the final fractions show, not only identical boiling 
points, but also agree in their other physical properties, such as 
density, refractive index, and viscosity 


Gas Analysis, 

Various instruments for the automatic analysis of gases or for 
the detection of an individual constituent have been described. 
The katharometer, which is intended for the estimation of small 
quantities of hydrogen in air, is based on the change in the electrical 
resistance of a platinum helix through the increase in temperature 
caused by surface combustion of the hydrogen.®^ An analogous 
principle has been utilised in the estimation of carbon monoxide 
in air 

The thermal conductivity method can only be applied quanti- 
tatively when the probable identity and amounts of constituents 
likely to be present in a gaseous mixture are known, but under 
such conditions it gives good results in many cases. 
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Another instrument which may be used for the estimation of 
gm&ll amounts of hydrogen or helium in air is the interferometer, 
which measures the difference in the refractivity of two gases. 

A weighing burette for use in gas analysis has been devised, the 
weight of the gas and alterations in volume caused by the absorp- 
tion of the constituents being determined by weighing the quantity 
of mercury which is removed from, or introduced into, the 
burette.®® Improved modifications of Orsat’s apparatus have also 
been described.®^* 

A source of error in the analysis of gases by fractional combus- 
tion with copper oxide is the dissociation of the latter, with the 
liberation of oxygen. This may be obviated by subsequently pass- 
ing the nitrogen repeatedly over the oxide at a moderate red 
heat.®^ 

The use of an ammoniacal copper solution has several advantages 
over alkaline pyrogallol as an absorbent for the estimation of 
oxygen. If the usual ammonium carbonate solution be replaced 
by saturated ammonium chloride solution, the gas will be free from 
carbon dioxide derived from the reagent.^® On the other hand, 
when freshly prepared, it may impart traces of ammonia to the 
gas, and cannot be used in the case of gases containing carbon 
monoxide or acetylene. 

Por the estimation of the latter, good results may be obtained, 
under certain conditions, by the use of ammoniacal cuprous 
chloride solution as absorption reagent, the solution being then 
acidified with acetic acid, and the cuprous acetylide separated and 
estimated.^® Another suitable reagent for the absorption of 
acetylene is a solution of mercuric cyanide in sodium hydroxide 
solution. This effects its separation from ethylene and benzene 
vapour. For the absorption of ethylene in the presence of 
benzene, a solution of mercuric nitrate in dilute nitric acid 
saturated with sodium nitrate may be used.^® Ilosvay’s reagent 

J. C. McLennan and R. T. Elworthy, Trans, Boy. JSoc. Canada, 1919, 
13, [iii], 19 ; A., ii, 508. 
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removes acetylene quantitatively from coal gas or air, and good 
results may be obtained by igniting tbe precipitate witb nitric 
acid and weighing the copper oxide. Hydrogen sulphide must not 
be present, and in the case of air containing not more than O' 04 per 
cent, of acetylene, about 5 per cent, of carbon dioxide must be 
added to prevent oxidation.^s Methods depending on the reaction 
of acetylene with silver nitrate, and titration of the liberated nitric 
acid, are inaccurate, owing to the impossibility of controlling the 
conditions of the reaction. G-ood results may be obtained, how- 
ever, by causing the copper acetylide, separated with Ilosvay’s 
reagent, to react with a sulphuric acid solution of ferric sulphate, 
and titrating the resulting ferrous sulphate.^® 

A satisfactory reagent for the absorption of carbon monoxide 
may be prepared by reducing cupric chloride in acid solution by 
means of stannous chloride. The presence of a slight excess of 
the latter prevents oxidation by the air, and the reagent may be 
renewed by expelling the absorbed gas at 60 — 70°'.'^^ 

A method of detecting and estimating traces of jSjS^-dichlorodi- 
ethyl sulphide (mustard gas) in air has been based on its reducing 
action on a solution of selenious acid in sulphuric acid, the amount 
of the orange-red suspension of selenium being estimated by 
nephelometric comparison with standard suspensions. The 
selenious reagent also reacts in the same way with arsines and 
other toxic gases. 


Agricultural Analysis. 

There has been a considerable amount of investigation as to the 
most suitable methods of estimating the acidity and the lime 
requirement of soils. Extraction of an acid soil with potassium 
nitrate solution, as in the method of Hopkins and Pettit, has been 
shown to give the same results as extraction with equivalent solu- 
tions of potassium chloride, sodium nitrate, sodium chloride, or 
calcium chloride, whilst variations in the temperature between 
25° and 90° do not affect the acidity of the extract. There is 
little, if any, exchange of acid radicles during the extraction. 

H. Arnold, E. MSllney, and F. Zimmermann, Per., 1920, 53, [B], 1034 ; 
A., ii, 513. 
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For estimating tlae lime requirement, tlie vacuum metliod^o gives 
trustworthy results agreeing with those obtained by the use of a 
hydrogen electrode after a specified period of shaking, v^hilst in 
the case of limed soils the reduction in the acidity is best ascer- 
tained by the hydrogen electrode method or the Hopkins method. 
The method of estimating the acidity or alkalinity of a soil in 
terms of has been adapted for use in field tests, and a table 
has been constructed showing the reactions of the soil correspond- 
ing with the colour changes of a series of indicators, each of which 
overlaps the next in the scale. 

For the estimation of the total calcium in soils, a method has 
been devised in which the precipitation with ammonia, and con- 
sequent occlusion of calcium in the precipitate, are eliminated. 
The precipitation is effected by adding solid ammonium oxalate to 
the boiling solution, which has been rendered first just alkaline 
with ammonia, and then just acid with hydrochloric acid, and 
manganese is subsequently separated from the precipitated 
oxalate. In an investigation of ten different methods of estim- 
ating calcium in calcite, the most accurate results were obtained 
by precipitation as calcium oxalate and weighing as calcium oxide, 
by precipitation as oxalate from a slightly acid solution, and by 
the residual titration method.^s 

The small amounts of manganese in plant ashes and similar pro- 
ducts can only be estimated colorimetrically. Of the different 
methods suggested, only that of Marshall has been found to give 
trustworthy results.®^ In that method, the manganese is oxidised 
to permanganate by means of potassium persulphate. The 
influence of various factors on the estimation of chlorides in soil 
has been studied, and it has been shown that Volhard’s method 
gives more accurate and concordant results than Mohr’s method.^s 

For estimating carbonates in limestones, marl, and soil, the 
method of Yan Slyke^^ is the most suitable for substances poor in 

J. W. Ames and C. J. SchoBenberger, J. Xnd, Eng. Ohem., 1916, 8, 243 ; 
A., 1916, i, 459. 
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magnesium carbonate, wMlst in otker cases Van Slyke’s gasometric 
method gives more accurate results.®^ 

A method for the approximate estimation of phytin in plant 
extracts has been based on its precipitation in the presence of 
inorganic phosphates by an acetic acid solution of copper acetate 
of definite concentration, but the amounts of phytin precipitated 
vary with the nature of the plant. 


Organic Analym, 

Qualitative . — Formaldehyde gives colorations, which are not 
always distinctive of the aldehyde, with certain aromatic com- 
pounds, such as pyrogallol, j8-naphthol, and salicylic acid, and 
these chromatic reactions may sometimes be used as tests of 
identity.®^ Another reagent which gives distinctive colorations 
with polyhydroxyphenols and other compounds of a phenolic 
character is sodium 23-toluenedisulphochloroamide in neutral or 
alkaline solution, but the tests must be made under definite con- 
ditions as to the proportions of reacting substances and the 
temperature.®^ 

Most of the tests for methyl alcohol are based on its conversion 
into formaldehyde, which is then identified either by chromatic 
reactions or by the formation of crystalline derivatives. These 
methods have been critically examined and their relative trust- 
worthiness determined. Of the direct tests, all of which require a 
considerable proportion of methyl alcohol, that of Vivario,®® in 
which the methyl alcohol is converted into potassium cyanide, gives 
very good results.®® 

A test to distinguish between methyl and ethyl alcohols has 
been based on the solubility of crystallised copper sulphate in the 
former,®^ but is untrustworthy in the case of mixtures of the dilute 
alcohols.®® Lieben^s reaction for iodoform has been modified so as 
to afford a sensitive test for traces of ethyl alcohol.®® 

A specific reaction for acetoacetic acid and its esters has been 
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based on its condensation in bydrocKloric acid solution to form 
jS-methylumbelliferone, wbich in alkaline solution shows an intense 
blue fluorescence/® 

From a study of various reactions for the identification of traces 
of hydrocyanic acid, the conclusion has been drawn that the ferro- 
cyanide test is the most characteristic The Prussian-blue test 
gives a reaction at a dilution of about 1 :17 x 10^ with hydrocyanic 
acid, whilst the Schbnbein test, which is not distinctive, gives a 
reaction at 1 :43x 10® in the light and at 1 :55 x 10® in the dark/2 
A test paper impregnated with a solution of o-tolidine, copper 
acetate, and dilute acetic acid is capable of detecting one part of 
hydrocyanic acid in two million parts of air/® 

In the colour reaction with manganese salts for oxalates, 
sufficient oxidation is produced by agitating the hot solution with 
a little alkali hydroxide/® Oxalic acid may be distinguished from 
tartaric and lactic acids by giving a violet coloration when heated 
with sulphuric acid and resorcinol/® If the test be applied as a 
zone reaction, a blue ring is formed at the junction of the liquids/^ 

A biochemical method of detecting dextrose in the presence of 
other sugars, such as mannose, Isevulose, or arabinose, has been 
based on its conversion, in 70 per cent, methyl alcohol solution, 
by emulsin into y8-methylglucoside, which may be identified in 
crystalline form.*^® Of various tests recommended for the detec- 
tion of dextrose in urine, Fehling’s test is the most sensitive, being 
capable of detecting 0*00125 per cent/® Traces of acetylmethyl- 
carbinol formed in the butylene-glycollic fermentation of sugars 
may be identified by oxidising the carbinol to diacetyl, which is 
then distilled, and identified by precipitation as nickel dimethyl- 
glyoxime/® 

A very sensitive test for benzoic acid or for substances such as 
cocaine, which contain a benzoyl group, or which, like atropine, 
yield benzoic acid on oxidation, has been based on the diazotisa- 
tion of the aminobenzoic acids produced on nitration and reduc- 
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tion, and tlie formation of an orange-red precipitate on treating 
the diazo-compounds with an ammoniacal solution of j3-naphthol.^^ 
The behaviour of guaiacol with an oxydase affords a means of 
distinguishing it from creosote, the former giving a yellow color- 
ation immediately, whilst the latter is colourless at first and then 
shows a slight violet tint.^^ 

A new colour reaction for quinine, which takes place on the 
addition of pyridine in the presence of chlorine water, distinguishes 
the alkaloid from quinidine and euquinidine. The colour changes 
from yellow to rose, and finally to purplish-red. 

A sensitive and characteristic test for strychnine consists in 
treatment of the alkaloid salt solution with hydrochloric acid and 
zinc amalgam, and finally with potassium ferricyanide. In the 
presence of quantities down to 0*001 milligram of strychnine, a 
pink to rose-red coloration is obtained. Various colour reactions 
of emetine have also been described.®^ 

Pyrrole reacts with ^?-dimethylaminobenzaldehyde in an 
analogous manner to indole, and this must be borne in mind when 
applying Ehrlich’s test.®® 

Quantitative . — A new form of absorption apparatus for 
elementary analysis has been devised, in which the carbon dioxide 
is absorbed by potassium hydroxide solution, and special precau- 
tions are used in drying the gas.®® Certain organic substances, 
such as methyl esters and chloro-compounds, may be quantitatively 
oxidised by means of a mixture of sulphuric and chromic acids, the 
chlorine in the latter compounds being retained by an amalgamated 
copper spiral preceding the burette in which the carbon dioxide is 
measured.®^ Another new method of estimating carbon and 
hydrogen in organic compounds is based on their combustion in 
contact with platinum and cerium dioxide.®® 

Fusion with an alkaline mixture containing alkali nitrates, pre- 
cipitation of the carbonate as calcium carbonate from a solution of 
the fused mass, and titration of the washed precipitate with hydro- 
chloric acid, has been recommended for the estimation of carbon.®^ 
A simple and rapid method of estimating halogens in organic 
compounds is to volatilise the substance with air through a quartz 
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tube heated at 900 — 1000°, to absorb the products of combustion 
in sodium hydroxide solution containing sodium sulphite, and, 
after oxidising the excess of the latter with potassium perman- 
ganate, to estimate the halogen by Volhard’s process,®^ 

In using Eljeldahi’s process for the estimation of nitrogen in 
aromatic nitro-compounds, it should be noted that accurate results 
may be obtained with ortho-compounds, but that those given by 
meta- and para-derivatives will be much too low.^i 

Estimation of nitro-groups by reduction with stannous chloride 
and titration of the excess of the reagent with iodine gives too low 
results with mononitrotoluenes, owing to the formation of p-chloro- 
toluidines, whilst the use of titanous chloride gives results about 
3 per cent, too low in the case of o-nitrotoluene.^2 •pj^e low results 
given by a-nitronaphthalene and similar compounds may be 
obviated by substituting titanous sulphate for titanous chloride, 
and thus preventing chlorination.®^ Diazo-compounds, such as 
benzenediazonium chloride, may be titrated in hydrochloric acid 
solution by means of titanous chloride, with suitable indicators.®^ 

A method for the estimation of methyl alcohol has been based 
on its oxidation with sulphuric acid and potassium dichromate, and 
gravimetric estimation of the carbon dioxide produced or volu- 
metric estimation of the excess of dichromate. In another 
method, the methyl alcohol is oxidised by means of ammonium 
persulphate, and the resulting formaldehyde estimated colori- 
metrically,®® 

E'or the estimation of ethylene glycol, oxidation with potassium 
dichromate and sulphuric acid, as in glycerol analysis, gives trust- 
worthy results, but the acetin method is not applicable to dilute 
solutions of the glycol.®^ 

An apparatus for estimating the carbon dioxide formed in the 
fermentation of sugars has been devised, and the method has been 
shown to be applicable to the differentiation of yeasts and enzymes 
by fermentation with appropriate sugars.®® 
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Sucrose may be accurately estimated by a cryoscopic metbod.^^ 
For the estimation of sugars by inversion, chemical catalysts, such 
as benzenesulpbonic acid, Lave advantages over enzymesd The 
optical rotation of Isevulose is destroyed by heating the sugar for 
seven hours with dilute hydrochloric acid, whereas that of dextrose 
is not affected. This has been made the basis of a method of 
estimating these sugars .2 In the case of fruit juices, however, the 
most trustworthy method is to calculate the proportions of the 
respective sugars from the cupric-reducing power and the iodine 
value, the latter being characteristic for each sugar.^ Another 
method of estimating dextrose has been based on the action of 
potassium cyanide for two days at 20*^, and estimation of the 
excess of the reagent, or measurement in the change in rotation of 
the dextrose.^ 

A modification of the phenylhydrazine method for estimating 
pentosans consists in distilling the substance with sulphuric acid 
and estimating the furfuraldehyde by precipitation as hydrazone, 
and determination of the excess of phenylhydrazine in the filtrate.® 

The coloration given by phenol when heated with Millon’s 
reagent and nitric acid affords a means for its colorimetric estim- 
ation in the presence of other phenols.® Another method of 
estimating phenol is based on its titration with a solution of a 
diazonium compound, hydroxyazo-compounds being formed in the 
reaction.^ 

The conditions under which phenolphthalein combines quanti- 
tatively with iodine to form tetraiodophenolphthalein have been 
investigated, and a gravimetric method based on them.® 

Silico- and phospho-tungstic acids are suitable reagents for the 
gravimetric and volumetric estimation of alkaloids under specified 
conditions, phosphotungstic acid being preferable in the case of 
aconitine and nicotine,® For the quantitative separation of 
strychnine from quinine, advantage has been taken of the fact that 
the former is only very slightly soluble in ethyl ether, and is left 
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in tlie aqueous solution on extraction with ether in the presence 
of ammonia. Reference may also be made to a method of estim- 
ating codeine by treatment of the plant extract with calcium hydr- 
oxide, and extraction of the filtrate with toluene. 

Tyrosine cannot be estimated quantitatively in the products of 
the hydrolytes of proteins by the method of Folin and Denis/^ since 
the blue coloration is also given by tryptophan and other 
compounds in the mixtured^ 

It has been shown that the growth of yeast cells under specified 
conditions depends on the amount of so-called vitamins present, 
and a gravimetric method of estimating vitamins has been based 
on this fact.i'^ The method has been found applicable to the 
estimation of the vitamin in food.i^ On the other hand, the results 
of other experiments have indicated that the test is influenced by 
so many factors as to have little, if any, value.^^ 


Inorganic Analysis. 

Qualitative . — Sodium alizarinsulphonate has been proposed as 
a sensitive indicator for the titration of mineral acids, and has the 
further advantage that it can be used both with ammonia and 
phosphoric acidd^ 

Several new schemes for the separation of cations into groups 
have been published. These include a modification of Petersen's 
method ^8 of separating the cations of the third and fourth 
groups, and a new method for the separation of various metals 
in the presence of phosphoric acid.^o The use of thioacetic acid 
has been shown to offer several advantages over hydrogen sulphide 
as a reagent for the precipitation of the cations of G-roup II. 

Sensitive tests for manganic, ceric, cobaltic, and thallic com- 
pounds have been based on the fact that they give intense blue 
colorations with benzidine and other diphenyl derivatives.^^ 
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Turning to the specific tests for individual substances, it has 
been shown that iodic acid may be used as a distinctive micro- 
scopical reagent for the detection of ammonia, characteristic 
crystals of ammonium iodate being formed. 

The differences between the deposits formed by hydrogen 
arsenide, cacodylic acid, methylarsinic acid, and neosalvarsan in 
Marsh s test have been studied, and it has been found that the 
addition of platinum chloride to promote the evolution of hydrogen 
may fix some of the arsenic in the fiask.24 The best method of 
detecting arsenic in sulphur is by oxidation with bromine and 
nitric acid, and application of Gutzeit’s test to the product.^® A 
test for salts of tin has been based on the insolubility of stannous 
or stannic iodide in sulphuric acid. The yellow precipitate may 
be distinguished from the similar compound formed by arsenic by 
the fact that it is soluble in dilute hydrochloric acid. The corre- 
sponding antimony salt is brick-red and flocculent.^e A distinctive 
test for osmium tetroxide is afforded by the blue coloration which 
it gives with pyrogallol, whilst the vapour may be identified by 
giving a permanent stain, due to the reduced osmium, with a 
slightly greasy finger-print. 

Xanthic acid may be used as a distinctive reagent for molyb- 
denum, but it is essential that oxalates should not be present, 
whilst copper, cobalt, nickel, iron, and uranium interfere with the 
test. 

For the detection of traces of cobalt, the coloration given by 
j8-nitroso-a-naphthol is much more sensitive than that obtained 
with a-nitroso-Anaphthol.2® Cobalt may be detected in the 
presence of nickel by means of potassium xanthate. The xanthates 
of both metals are precipitates, but the cobalt compound is in- 
soluble in ammonia, whereas the nickel compound dissolves, 
forming a blue solution. 

Most cerous and ceric compounds give a bright blue coloration 
when moistened with a solution of benzidine in acetic acid, and 
the reaction may be‘ used for detecting cerium in the presence of 
other metals of the ammonium sulphide group of rare earths, with 
the exception of thallium.^ 
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Iodic acid has been found to be a useful microchemical reagent 
for calcium, strontium, or barium, the distinctive forms of the 
crystalline iodates being observed.^^ It may also be used to dis- 
tinguish between the salts of barium and radium.^^ 

For the detection of magnesium, advantage has been taken of 
the fact that it gives a bluish-violet coloration with an alcoholic 
solution of alkannin, the similar colorations given by strontium 
and manganese being distinguished by their behaviour after 
acidification.^® 

The applicability and sensitiveness of various reactions for 
potassium have been determined, and the most sensitive reagent 
has been found to be sodium-bismuth thiosulphate, which is 
capable of detecting 1 part in 57 , 000 . 2 ® 

The colour changes which take place in the diphenylamine reac- 
tion for nitrates have been studied, and a sensitive modification 
of the reagent devised for microchemical tests.®^ A blue coloration 
may be produced in the diphenylamine reagent by the presence of 
ferric salts in the sulphuric acid. To prevent this, such acid 
should be boiled, and cooled to reduce the ferric salts.22 
A sensitive test for nitrites in the presence of nitrates is the 
production of a red coloration on treating the solution successively 
with acetic acid, potassium oxalate solution, manganous sulphate, 
and hydrogen peroxide.^^ For the detection of phosphates in the 
presence of barium, a modification of Deniges' strychnine- 
molybdate reagent is sensitive, but must be freshly prepared.'^® 
QuanUtative . — It is in this branch of the subject that the 
greatest activity has been shown, and the contributions to different 
journals have been so numerous that it has been necessary to select 
only the more important for mention in this Beport. 

A method of using potassium chlorate as an original standard 
for the titration of alkali has been described. The chlorate is 
reduced by means of sulphur dioxide, the excess of the latter 
removed, and the sulphuric acid formed in the reduction titrated 
with alkali— KCIO3 + SSOg + SHgO = 3H2SO4 4- KCl.^i Another 
suitable standard is potassium hydrogen phthalate, which contains 
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no water of crystallisation and is not iiygroscopic.^^ In preparing 
the salt, it is advisable to crystallise it above 20®, to prevent the 
formation of a more acid salt.^^ A useful indicator for coloured 
liquids has been found in ferrous sulphide, the formation of which 
is prevented by a slight trace of acid. A crystal of pure ferrous 
ammonium sulphate is added to the solution, which is then treated 
with hydrogen sulphide, and titrated with alkali until a permanent 
black coloration is obtained. 

Various experiments have been made with salts of magnesium, 
zinc, mercury, and aluminium to determine the degree of accuracy 
obtainable in the acidimetric titration of the salts of heavy metals 
which form insoluble hydroxides.'^® 

In the volumetric estimation of sulphates by oxidation of 
benzidine sulphate with potassium permanganate,^® it is essential 
that the solution from which the benzidine sulphate is precipitated 
should be free from organic matter, iron, heavy metals, nitrates, 
and phosphates.*^^ 

A new volumetric reduction method with arsenic trioxide has 
been devised, in which an oxidising agent, such as a chlorate or 
chromate, is treated with excess of arsenic trioxide in the presence 
of hydrochloric acid, and the solution subsequently titrated with 
potassium bromate solution.'^® 

Several new iodometric methods have been published. The con- 
ditions for the iodometric estimation of acids, more especially weak 
acids, have been investigated, and the applicability of various 
methods has been determined.^® The direct estimation of chloric 
acid in a strongly acid medium gives too high results, owing to 
oxidation of hydrogen iodide, but Rupp's method®® is trust- 
worthy.®^ Ror the iodometric estimation of arsenic acid, the react- 
ing mixture should be heated to 100® and contain specified propor- 
tions of potassium iodide and hydrogen chloride.®^ 

Stannous tin may be more accurately estimated by a volumetric 
method in an acid solution. Titration with standard iodine solu- 
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tioE in the presence of hydrochloric acid is satisfactory in the case 
of many compounds. The iodometric estimation of chromium 
gives too high results, owing to the influence of atmospheric oxygen 
on the reaction.®^ 

To obtain accurate results in the iodometric estimation of 
potassium ferricyanide, the acid concentration must be kept 
sufficiently high and the time of the reaction restricted.^s 

A new volumetric method of estimating nickel has been based 
on the titration of the acid which is liberated in the reaction with 
dimethylglyoxime . 

further work on the use of organic solvents for the quantitative 
separation of metals has shown that the method of progressive 
precipitation previously described ^7 is suitable for the separation 
of magnesium from sodium and potassium, the salts of the latter 
metals being precipitated first by means of alcohol and ether. 

New applications of the use of cupferron (the ammonium salt 
of nitrosophenylhydroxylamine) have been published. The reagent 
gives good results in the estimation of iron, copper, titanium, 
zirconium, thorium, and vanadium in the absence of certain 
interfering substances, but in many cases offers no advantage 
over previous methods.®^ It is most serviceable for the 
separation of copper from arsenic, and especially from antimony. 
Like o-nitroso-iS-naphthol, it is a useful reagent for separating 
elements into groups.®*^ In neutral solution it gives precipitates 
with all metals except the alkali metals, and the precipitates may 
be separated into two groups by their behaviour towards chloro- 
form and dilute acids. If corrections for the solubility of the 
precipitate be applied, iron may be accurately separated from 
manganese by cupferron.®^ A trustworthy method has also been 
worked out for the use of the reagent in the separation of tin and 
antimony,®® 

A simple method of estimating mercury is to cause it to be 

J. G, F. Druoe, Chem. News, 1920, 121, 179 ; A., ii, 710. 

0. Meindl, Zeitsch. anal. Chem., 1919, 58, 529 ; A., ii, 390. 
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S. Palkin, J. Amer. Chem. Soc., 1916, 38, 2326 ; A., 1917, ii, 43. 
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G. E. F. Lundell and H. B. Knowles, J. Ind. Eng. Chem., 1920, 12, 
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deposited on a coil of copper gauze, and to estimate the amount 
of the deposit by the loss in weight after heating the coil in a 
current of hydrogen.®^ 

Arsenic may be separated from antimony, tin, copper, lead, 
mercury, and iron by a modification of the distillation method, 
whilst antimony may be separated from tin by volatilising 
antimony chloride at 155—165° from solutions to which phosphoric 
acid has been added to render the tin non-volatile.®^ A modifi- 
cation of the Marsh-Berzelius test has been described in which the 
hydrogen arsenide is conducted over red-hot copper, which retains 
the arsenic as arsenides. The results are about 1*4% too low, 
possibly owing to retention of arsenic in the fiask in the form of a 
stable complex.®® 

In order to obtain a precipitate of secondary zirconium phos- 
phate of constant composition in the precipitation of zirconium 
by the phosphate method, the solution should contain from 2 to 20 
per cent, of sulphuric acid, and an excess of diammonium hydrogen 
phosphate ten to one hundred times in excess of the theoretical 
quantity should be added. ®^ A new method, applicable to ziroonia 
ores, is to precipitate the zirconium with selenious acid, and to 
ignite the basic selenite, which leaves a residue of zirconia.®® 

The difficulty of precipitating molybdenum quantitatively as 
sulphide may be obviated by having a sufficient quantity of formic 
acid in the solution, and seeing that the whole of the molybdenum 
is present as molybdate.®^ 

From a study of various methods of estimating uranium, the 
conclusion has been drawn that precipitation with ammonium 
sulphide or with ammonia gives the most trustworthy results. In 
either case, the precipitate leaves uranoso-uranic oxide on igni- 
tion.^® Precipitation of uranium as uranyl ammonium phosphate 
is also a good method, but has the drawback that the ignited uranyl 
pyrophosphate rapidly absorbs moisture. For the estimation of 
minute quantities of uranium, a colorimetric method has been 
based on the red coloration given by uranyl salts with sodium 
salicylate 
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The perchlorate method for the estimation of potassium gives 
accurate results under specified conditions^® The method 
previously described ^4 is rendered more trustworthy by extracting 
the sodium perchlorate with alcohol containing perchloric acid, 
instead of with a saturated solution of potassium perchlorateJs 
By using aniline perchlorate in place of perchloric acid, the process 
is rendered more rapid than any other method of estimating 
potassium d® The proportion of potassium in the mixed precipitate 
of potassium and sodium cobaltinitrite may be calculated from a 
gravimetric or electrolytic estimation of the cobalt.^^ Another 
method of estimating the proportions of the two metals in mixtures 
of the salts is to convert them into nitrates and determine the 
melting points.’'® 

Chromic acid liberates bromine quantitatively from bromides at 
the ordinary temperature, and the bromine may be removed by 
aspiration, whereas chlorides under the same conditions yield only 
traces of chlorine. A method of estimating bromine in mineral 
waters has been based on these facts.^^ 

The conditions for effecting the quantitative estimation of phos- 
phoric acid by precipitating and weighing it as ammonium 
phosphomolybdate have been investigated, and a trustworthy 
method devised. For the nephelometric estimation of traces of 
phosphoric acid, the use of a reagent prepared by the interaction 
of strychnine sulphate and sodium molybdate gives excellent 
results.®® 


Mectrochemical Analysis. 

There have been relatively few contributions to gravimetric 
electrolytic methods of analysis, but much work has been done in 
connexion with the investigation of methods of electrometric 
titration and their extension to further substances. 

It has been shown that in many cases the end-point of a titra- 
tion is sharply indicated by measurement of the terminal voltage 
between two electrodes, one of which is immersed in the solution 
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under examination, and is capable of yielding tlie same ions to tbe 
solution, whilst the second, or comparison electrode, is composed 
of the same metal as the first and of the precipitate or other 
product of the reaction. Owing to the slow action of the electrode, 
the method does not give sharp results in the titration of hydrogen- 
ion concentration.sj^ A hydrogen electrode giving a sharp end- 
point in acidimetric titrations has been described, and shown to 
be suitable for the estimation of strong acids in the presence of 
weak acids. 82 Other electrometric methods may be used for the 
estimation of weak acids, such as acetic acid, in the presence of 
strong acids, such as hydrochloric acid. 88 A simple method of 
acidimetric or alkalimetric titration is to connect the solution to 
be titrated with another of known Pjj value, each being provided 
with a hydrogen electrode, and to continue the titration until the 
same hydrogen-ion concentration is shown by both solutions. 8“^ 
Carbonic acid and its salts in dilute solution can be titrated in this 
way,88 whilst phosphoric acid in dilute solution behaves like a 
mono- or di-basic acid, the first end-point being sharp, whilst the 
second is less distinct.®® 

A method for the electrometric estimation of arsenic in coloured 
solution is to titrate arsenic trioxide with iodine solution in the 
presence of sodium hydrogen carbonate, and to titrate arsenic 
pentoxide in sulphuric acid solution at 95° with sodium iodide 
solution.®^ Lead and zinc salts may be accurately titrated with 
potassium ferrooyanide, but in the case of other metals the pre- 
cipitates are not constant in composition.®® 

The fact that mercuric acetate forms a stable, complex com- 
pound with allyl alcohol has been utilised for the electrometric 
titration of that alcohol by means of a standard solution of the 
mercury salt.®® 

The presence of soluble ferricyanides or chlorides in moderate 
proportion does not interfere with the titration of ferrocyanides 
with potassium permanganate solution, but salts yielding pre- 
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cipitates with either ferro- or ferri-oyanides must not be 
present. 

The alcoholic strength of beer or wine may be rapidly estimated 
by distillation with magnesium oxide (after removal of carbon 
dioxide), treatment of the distillate with oxalic acid solution, and 
determination of the specific conductivity of the mixture and of 
the original oxalic acid solution. The required result is then 
obtained by the use of a formula.®^ 

Amino-aoids may be estimated alkalimetrically by means of the 
hydrogen electrode, and a simple method for the purpose has been 
devised.®^ The conductometric process has also been adapted to 
the titration of phenols, cresols, and certain hydroxy-acids.^^ A 
similar process has been worked out for the estimation of alkaloids 
and their salts, the alkaloids themselves being titrated with acid, 
whilst alkaloid salts are titrated with alkali.®^ 

An indirect method for the electrolytic estimation of halogens 
has been based on the fact that the solution can be electrolysed by 
means of a silver anode, with the formation of an adherent deposit 
on the anode, and without precipitation in the solution, provided 
that an anode potential of 0*59 volt is not exoeeded.®^ 

When an ammoniacal solution of nickel and a salt of arsenic 
acid is electrolysed, the nickel is quantitatively precipitated with- 
out any arsenic, whereas cobalt under the same conditions carries 
down a certain proportion of arsenic.®® 

Reference may also be made to methods in which rotating 
reductors are used in the estimation of iron®^ and of molybdenum.®® 

Water Analysis. 

The principal contributions to the analysis of drinking-water 
have been in connexion with the dissolved carbon dioxide. It has 
been shown that the simple mass-law equation of the primary 
ionisation of carbonic acid enables the hydrogen-ion concentration 
of natural waters to be approximately calculated.®® 

In titrating the free carbon dioxide and that present as hydrogen 
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carbonate in moorland waters, errors are caused by tbe presence 
of weak organic acids wbicb are simultaneously titrated. To deter- 
mine tke solvent action of such waters on limestone, the water is 
shaken at intervals with powdered marble in a closed flask, and a 
portion then titrated with iV'/ 10-acid. The difference between the 
result and that obtained without the addition of marble gives the 
amount of calcium carbonate dissolved. ^ 

It has been shown by Tillmanns and Heublein^ that the free 
carbon dioxide in soft water has a much greater solvent action on 
calcium carbonate than the same amount of carbon dioxide in hard 
water. In the case of waters containing iron hydrogen carbonate, 
the semi-combined and the combined carbon dioxide in the iron 
compound are titrated simultaneously with the free carbon 
dioxide, and, as a correction, IT milligram of carbon dioxide must 
be deducted for each milligram of ferric oxide present.® 

In using Escaich^s colour test for nitrites^ in water, the results 
are uncertain in the presence of chlorides, which must therefore be 
removed by means of silver nitrate before applying the test.® 

C. Ainsworth Mitchell. 
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PHYSIOLOGICAL CHEMISTRY. 

Since writing last year’s Report the deaths of the following have 
occurred: G. von Bunge, Sir Thomas Eraser, Arinand Gautier, 
Wilhelm Pfeffer, Max Siegfried, and Nathan Zuntz. Von Bunge 
was Professor of Physiological Chemistry at Basle, and the author 
of a well-known text-book. His best known research was con- 
cerned with the mineral constituents of blood and milk. Eraser 
was for many years professor of materia medica at Edinburgh; he 
introduced Calabar beans into medicine in the early sixties, but 
it is chiefly during the last decade that physostigmiue has at- 
tracted much attention from organic chemists. A study of arrow 
poisons led him to the therapeutic application of strophanthin ; 
he made also an extensive study of snake venoms, and his name 
is associated with that of Crum Brown in the generalisation that 
quaternary salts of organic bases have a curare-like action. 
Gautier, the veteran of French biochemistry, originally received 
a medical training, but became later assistant to Wurtz and was 
for many years Professor of Medical Chemistry at Paris. He is 
known for his studies on ptomaines and on the occurrence of the 
biologically rare elements (fluorine, arsenic, etc.). He also worked 
on arsenical drugs and questions of hygiene, food and general 
chemistry. 

Pfeffer’s ''Osmotische IJntersuchungen,” published in 1877, 
became known five years later to Van’t Hoff, through the latter’s 
botanical colleague, de Vries, and thus became one of the most 
fruitful stimuli ever given by biology to physical science. Doubt- 
less Pfeffer owed some of his success to his early training as a 
chemist; his doctor’s dissertation related to an organic chemical 
problem. Siegfried also began as an organic chemist; as assistant 
to Drechsel he was diverted to physiological chemistry. He be- 
came extraordinary and (1919) ordinary professor of this subject 
at Leipzig. His best known work is on the extractives of muscle 
and the kyrines. Zuntz, on the other hand, was by training a 
physiologist, and an early appointment at the Agricultural College 
of Poppelsdorf, near Bonn, determined his career. He was mainly 
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concerned witli nutrition and gaseous interchange, for which he 
worked out exact methods of gas anal^^sis. At Berlin he would 
rejoice in later years in showing visitors his respiration chamber 
capable of accommodating an ox. 

In July, 1920, an international congress of Physiology met at 
Paris; the next meeting is to take place at Edinburgh in 1922. 
In Prance the Societe de Chimie Biologique, founded in 1914, has 
resumed the publication of its Bulletin. After two pre-war num- 
bers, the third followed in October, 1919, and others during the 
present year. Besides original papers there have been occasional 
resumes of current questions, valuable on account of their lucidity. 
During the year a new periodical of biochemical interest has 
begun under the title of the British Journal of Experimental 
Pathology. 

In America a series of monographs has now also been started, 
''on experimental biology and general physiology.” Some of those 
announced are on more or less chemical subjects. In the series of 
“ Monographien aus dem Gesamtgebiet der Physiologie der 
P^anzen und der Tiere,” there appeared last year “ Die Narkose in 
ihrer Bedeutung fur die allgemeine Physiologie,” by H. Winter- 
stein, and this year, "Die biogenen Amine,” by M. Guggenheim. 
The latter is an excellent up-to-date account of the chemical and 
physiological properties of the simpler bases of biological interest, 
written by a well-known worker on the subject. The production 
of large hand-books has been resumed in Germany to some extent. 
A new " Handbuch der biologischen Arbeitsmethoden ” is appear- 
ing under the general editorship of E. Abderhalden. It will 
replace the " Biochemische Arbeitsmethoden,” now out of print, 
and is on a very extensive scale; there will be 13 parts, of which 
the first, dealing with purely chemical methods, is of primary 
interest to us here. By the publication, towards the end of 1920, 
of the second half of his "Lehrbuch der physiologischen Chemie.” 
E. Abderhalden has completed the fourth edition. The first half 
appeared more than a year ago. The second half (which actually 
bears the date 1921) has been almost entirely rewritten. It is a 
few pages shorter than Vol. II. of the 1915 edition, in spite of a 
new chapter on vitamins. In 1920 there has also appeared Part 
II. of the first volume of a " Handbuch der experimentellen Phar- 
makologie,” edited by A. Heffter. This, the first instalment of 
the whole work, deals with many important alkaloids, for example, 
cinchona alkaloids and derivatives, colchicine, cocaine, ipecacuanha 
alkaloids, strychnine. The manuscript was prepared before the 
war and although some articles have apparently been revised to 
1918, others do not extend beyond 1913, and do not take into 
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account ilie therapeutic discoveries of the war. The book will, 
however, doubtless interest some chemists. Two outstanding 
French books on bacteriology should also be mentioned here, both 
the result of scientific isolation during the war: '‘Traite de 
rimmunite dans les maladies infectueuses,” by J. Bordet, and 
“L’infection bacillaire et la tuberculose chez Thomme et chez les 
animaux,” by A. Calmette. The former book especially should 
appeal to anyone seeking a chemical basis for immunological 
phenomena. 

Metabolism of Carbohydrates. 

The hypothesis of Chauveau, that fats only become a source of 
muscular energy after they have been transformed into carbo- 
hydrates, was shown to be untenable some twenty yeax's ago by the 
work of Zuntz and his pupils, who drew the conclusion that fats 
and carbohydrates are isodynamic, that is, that in both these 
classes of foodstuffs the same fraction of the heat of combustion 
can be converted into work. The researches of Fletcher, Hopkins, 
A. V. Hill and others have, however, made it pretty certain that 
the process of muscular contraction is associated with chemical 
reactions of substances closely related to the carbohydrates, and 
then it becomes difficult to understand that the utilisation of fats 
is not attended by some loss of energy. These considerations have 
led A. Krogh and K. G. Lindhard ^ to an important reinvestigation 
of the relative value of fat and carbohydrate as sources of muscu- 
lar energy. ’’ Their method involved the determination of the 
respiratory quotient of a subject working an ergometer in a respira- 
tion chamber, and they determined this quotient within 0*005 by 
very accurate analysis of the air passing through the chamber. In 
connexion with this A. Krogh has published subsidiary papers ^ on 
a gas analysis apparatus accurate to 0*001 per cent., and on the 
calibration, accuracy and use of gas meters, which papers may be of 
use to non-biological chemists. Krogh and Lindhard find that the 
net expenditure of energy (after deducting the standard meta- 
bolism) necessary to perform the equivalent of one calorie of 
technical work on the ergometer varied from 4-5*5 calories. In 
the three best series of experiments it was 4*6 cal. when fat alone 
was catabolised (R.Q.=0*71) and 4*1 cal. for carbohydrate alone 
(R.Q. = 1*0). This shows a waste of energy from fat of 0*5 caL, or 
11 per cent, of its heat of combustion. The authors suggest’as a 
working hypothesis that both during rest and work the proportion 
of fat to carbohydrate katabolised is a function of the available 
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supply of these substances. With the respiratory quotient below 
0*8 carbohydrate is formed from fat and provisionally stored; the 
reverse transformation takes place with a respiratory quotient 
above O’ 9. 

A novel aspect of the metabolism of reducing sugars is dealt with 
by J. A. Hewitt and J. Pryde,^ who find that solutions of d 
glucose introduced into the intestine of the living animal undergo 
rapid downward mutarotation from +52*5^ to below +19"=^, and in 
one experiment the solution even became Itevorotatory. On 
withdrawal from the intestine the reverse change takes place more 
slowly, until the original rotation of a- and jS-glucoses in equili- 
brium is reached. This change is not due to preferential absorp- 
tion of the a-form or to disaccharide formation, but probably to 
the formation of y-glucose in excess of any amount normally 
present in glucose solution which has reached an equilibrium. 

Proteins . 

Various classifications of proteins have been discussed by P. 
Thomas.^ The two principal methods for determining the degree of 
hydrolysis of a protein are that of Van Slyke, who determines the 
free amino-groups, and that of Sorensen, who titrates the carboxyl 
groups. The former method has been elaborated into an indirect 
analysis of amino-acids in groups, of which the largest is that with 
amino-nitrogen, comprising glycine, alanine, serine, phenylalanine, 
tyrosine, valine, the three leucines, aspartic and glutamic acids. 
This large group A. C. Andersen® subdivides further by neutralis- 
ing the solution with sodium hydroxide in the way indicated by 
Sorensen for his formol titration. Under these conditions only 
aspartic and glutamic acids combine with one equivalent of sodium 
hydroxide, and the monocarboxylic acids remain in the free state. 
On ashing such a solution the amount of sodium carbonate in the 
residue is equivalent to the monamino-dicarboxylic acids present. 

Amino- Acids. 

H. D. Dakin® has synthesised racemic j3-hydroxyglutamic acid, 
of which an active modification was discovered by him in casein."^ 
The synthesis presented unexpected difficulties and several 
atteippted methods failed or gave only minute yields. The best 

3 BiocUm. J,, 1920, 14, 395 ; A., i, 508. 
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results were obtained by the following method. Glutamic acid 
was converted by potassium cyanate into a-carbamidogliitaric and 
then into hydantoinpropionic acid (I). The action of bromine on 



90 -NH 

6h-nh>^® 

CO,H 

CH-NH. 

OH, 

OHBr 

CH 

CH-OH 

CH, 

OH, 

CH 

CH 2 

OOgH 

6o»h 

CO,H 

CO,H 

(!•) 

(11.) 

(III.) 

“(IV.) 


the latter is complex; after bromine enters the molecule it is 
split off again as hydrogen bromide, introducing a double bond in 
the /8y-position, but when the bromination is carried out in glacial 
acetic acid saturated with hydrogen bromide, the latter is added 
on again and ^-hydantoin-jS-bromopropionic acid (II) results. On 
boiling this with water hydantoinacrylic acid (III) is formed with 
the double bond in the required ajS-position. This acid is boiled 
with baryta solution until half the nitrogen has been evolved as 
ammonia, indicating the complete opening of the hydantoin ring. 
At the same time a molecule of water is added and inactive 
hydroxyglutamic acid (IV) results, in a yield of 20 per cent, of 
the hydantoinacrylic acid or 2 per cent, of the glutamic acid em- 
ployed. The original paper should be consulted by organic chemists 
desirous of effecting a smoother synthesis. A secondary result of 
Dakin’s experiments was the preparation of malic semi-aldehyde 
CH 0 *CH( 0 H)*CH 2 *C 02 H, which, however, does not lend itself to 
the application of the Strecker synthesis. 

Apart from casein Dakin has now also found his new amino-acid 
in glutenin (2*4 per cent.) and in gliadin (1*8 per cent.); D. B. 
Jones and C. 0 . Johns s have also isolated it from stizolobin, the 
globulin of the Chinese velvet bean ( 3 deld 2*8 per cent.). In dogs 
rendered diabetic by phloridzin, ^-hydroxyglutamic acid appears 
as extra glucose,” as is the case with glutamic acid, proline and 
ornithine, and the" amount was found to correspond closely with 
that derivable from three of the five carbon atoms. Dakin con- 
siders that i8-hydroxyglutamic acid very likely arises in the body 
from glutamic acid and would then constitute an example of 
'' i8-oxidation ” such as is known to occur in fatty acids, but has 
not yet been observed in amino-acids. Thus proline would be 
converted to glutamic acid via pyrrolidonecarboxylic acid, and 
ornithine would also be converted into glutamic acid. The latter 
would then be changed into dextrose by successive conversion into 

8 J. Biol Ch&m., 1919, 40 , 436 ; b 191. 
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j8-hydroxyglutamic, malic and lactic acids, two molecules of the 
latter forming the hexose. In support of this view Dakin has 
oxidised ^-hydroxyglutamic to malic acid in vitro and the bio- 
chemical conversion of the latter into sugars has been brought 
about in several ways. 

A new method for preparing esters of amino-acids has been 
published by F. W. Foreman.^ It consists in converting the 
amino-acids into their dry lead salts, which are suspended in 
absolute alcohol and esterified by saturating with hydrogen chloride. 
After removal of the free hydrochloric acid and the alcohol, the 
ester hydrochlorides are dissolved in dry chloroform and the free 
esters liberated by shaking with anhydrous barium hydroxide. 
Thus the considerable loss of esters by hydrolysis is avoided, which 
occurs in aqueous solution. The process has been applied to 
caseinogen and some of the deficit has been accounted for, without 
however taking Dakin’s abov^mentioned hydroxyglutamic acid 
into account. Although amino-acids are usually formulated with 
tervalent nitrogen and free carboxyl, they might also be repre- 
sented as internal anhydrides of an acid with an ammonium 
hydroxide. This betaine” formula, originally suggested by R. 
Willstatter, was supported experimentally by A. Geake and M. 
Nierenstein,!^^ who found that amino-acids are not methylated in 
ethereal suspension by diazomethane. J. Herzig and K. Land- 
steiner^^ have confirmed this observation as regards glycine and 
alanine, but find that in other amino-acids the carboxyl group 
is slowly and at least partly esterified, so that in them there appears 
to be an equilibrium between the two forms thus: — 

NHj-CHg-GOaH and NHs'CHj-CO-O. 

An unstable variety of glycine, differing from the ordinary one 
in crystalline form, has been described recently by H. King and 
A. D. Palmer. Presumably this is the variety corresponding 
with the former of the above two formul'se, with a free carboxyl 
group, and it might be made to react with diazomethane. King 
and Palmer consider it probably identical with the fine needles 
which Emil Fischer obtained on precipitating an aqueous glycine 
solution with alcohol; it is the only variety of glycine that reacts 
with phosphorus pentachloride, which reaction also postulates a free 
carboxyl group. King and Palmer are mainly concerned with con- 
firming the existence of compound of glycine with neutral salts, 

« Biochem. J., 1919, 13, 378 ; A,, i, 338. 

Z&itsch, physiol Chem,, 1914, 92, 149 ,* A., 1914, i, 1067. 

Biochem. Zeitsch., 1920, 105 , 111 j A, i, 719. 

12 Biochem. X, 1920, 14, 676 ; A, i, 823. 
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described by Pfeiffer and bis co-workers and called into question 
by Bayliss. 

Hydroxyproline contains two asymmetric carbon atoms and 
in addition to tbe natural acid three stereoisomerides should 
exist. All have now been obtained by H. Leuchs and K. Bor- 
mann.13 The puzzling transformation of tryptophan in the 
organism of the dog into kynurenic acid has now been almost 
certainly elucidated by A. Ellinger and Z. Matsuoka^^; they syn- 
thesised indole-3-pyruvic acid and found that, like tryptophan, it 
is converted into kynurenic acid. The mechanism of the formation 
of this quinoline derivative would therefore presumably be as 
follows : — 
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Here indolepyruvic acid figures as the first transformation pro- 
duct of tryptophan, which is in accordance with the known beha- 
viour of other amino-acids.^® As Ellinger and Matsuoka point out, 
the only criticism which can be urged is, that indolepyruvic acid 
is first transformed to tryptophan and that the amino-acid is 
converted into kynurenic acid by some other reaction, for it has 
been shown that, for instance, pyruvic acid itself may yield 
alanine, and phenylpyruvic acid phenylalanine, when perfused 
through the surviving liver. The hydroxyl group of kynurenic 
acid must be represented in its precursor, for quinoline-orcarboxylic 
acid is not oxidised to kynurenic acid in the dog, but is excreted 
partly unchanged, partly combined with glycine. The Hopkins- 
Cole test for tryptophan has been examined by W, B. Pearon^® 
in a suggestive paper. Although the conclusions are based on 

Ren, 1919, 52, [B], 2086 ; A., i, 185. 

Zeitsch, physiol. Gh$m., 1920, 101, 269 ; A., i, 696. 

For example, F. Kixoop and E. Kertess, ihU., 1911, 71, 262 ; A., 1911, 
Biochem. X, 1920, 14, 648 ; A., ii, 786. 
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molecular weiglit and nitrogen determinations only of amorphous 
pigments, and are therefore somewhat speculative, a considerable 
advance has been made, which ought to be useful in dealing with 
other substances (for example, alkaloids) related to tryptophan. 
Two molecules of indole, scatole, tryptophan or carbazole, were 
condensed with one molecule of an aldehyde (formaldehyde, 
glyoxylic acid, benzaldehyde) in pure glacial acetic acid by 
means of hydrogen chloride to leuco-compounds, which are oxidised 
to pigments, for example, for scatole. 
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\/\^ \/\/ 
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It will be seen that they are regarded as related to diphenyl- 
methane dyes. With tryptophan and formaldehyde or glyoxylic 
acid in the above-mentioned proportions the compounds are red, but 
with three molecules of the aldehyde to two of tryptophan blue 
compounds result, which are considered to arise from the condensa- 
tion of the two additional aldehyde molecules with the two trypto- 
phan side chains to form carboline derivatives of the type found 
in harman.^^ It is thus clear that blue compounds cannot be ob- 
tained from tryptophan combined as peptide, but red compounds 
might perhaps be expected in this case. As usually carried out, 
the Hopkins-Cole test results in a mixture of tryptophan red 
and blue. 

Various colorimetric methods for estimating tryptophan have 
been examined by P. Thomas,^® who prefers the use of 
p-dimethylaminobenzaldehyde as advocated by E. Herzfeld.^® 
Thomas finds l-T-l'S per cent, in caseinogen, and as much as 2*3 
per cent, in cerevisin, a protein from yeast, which is evidently 
able to form tryptophan from simpler compounds. 

Similarly, L, Hugounenq and Gr. Florence^ find that Aspergillus 
forms tryptophan when it has as only source of nitrogen any one 
of a series of natural amino-acids (it does not grow on phenyl- 
glycine). These authors also prefer p-dimethylaminobenzaldehyde 
for detecting tryptophan. The synthesis of tryptophan has also 

Ann. Reports^ 1919, 16, 156. W. H. Perkin and R. Robinson, T., 1919, 
115, 967. 

18 Bull. Soc. Ghim. Uol, 1914, 1, 67 ; A., i, 266. 
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been investigated by W. J. Logie in various bacteria, for example, 
B. Coli, wMcb can form it from straigbt-cliam compounds such 
as ammonium lactate and sodium aspartate, and also from free 
indole; the appearance of indole in some cultures may be attri- 
buted both to increased production and diminished consumption. 
The action of bacteria on amino-acids has been further studied in 
Japan by T. Sasaki 22 and his pupils. Thus K. Hirai^s has found 
that B, lactis aero genes, like yeast, forms tyrosol from ^tyrosine, 
but only in minute quantity. The same author 2^ finds that a 
strain of Proteus vulgaris, capable of converting Z-tyrosine into 
fZ-^p-hydroxyphenyl-lactic acid, also converts histidine into 
cZ-^-iminazolyl-lactic acid. This new degradation of histidine 
should be compared with the production of urocanic (iminazolyl- 
acrylic) acid by bacilli of the Coli group, observed by H. Kaistrick.^s 
The curious difference in the stereo-chemical behaviour of B. 
proteus and B. suhtilis originally observed by Sasaki for tyrosine, 
has been also demonstrated for <^-Z-phenylalanine by H. Amatsu and 
M. Tsudji.26 

With Henderson’s phosphate mixture phenyl-lactic acid and very 
little phenylethylamine is formed, B. proteus forming the dextro- 
and B. suhtilis the laevo-variety of the acid. If instead of Hen- 
derson’s mixture, uranyl phosphate and milk sugar are used as 
nutrient medium the amine is formed to the exclusion of the acid. 


The Gases of the Blood, 

This subject, more than any other, continues to occupy English 
physiologists, four out of' the five papers in the current number 
of the Journal of Physiology are concerned with it. E. Wert- 
heimer 27 has confirmed the observation hitherto only made 
accurately by R. A. Peterses that oxygen and haemoglobin combine 
in molecular proportions as originally suggested by Hiifner. It 
should be noted, however, that Peters’ values apply to hsemoglobin 
in tihe presence of dilute ammonia, and that Wertheimer only 
obtained agreement with these values in the presence of sodium 
carbonate; hemoglobin dissolved in pure water had an oxygen 

J, Path, Boat, 1920, 23, 224 ; A., i, 912. 
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capacity 7 per cent, smaller. It is, however, the carbon dioxide in 
blood rather than the oxygen which stimulates work and con- 
troversy. We may first consider those authors who attempt to 
utilise the laws of mass action and of electrolytic dissociation to 
the full, without perhaps always considering sufficiently whether 
these laws apply to a colloidal solution like plasma or to a grossly 
heterogeneous system like whole blood. 

T, It. Parsons has attempted to calculate 'the carbon dioxide 
dissociation curve of blood on the assumption that a fixed amount 
of sodium is shared between two weak acids, namely, carbonic acid 
and hsemoglobin (with plasma proteins). The changes of reaction 
in blood due to increase of carbon dioxide pressure are much more 
gradual than in a sodium hydrogen carbonate solution because the 
proteins, and especially haemoglobin, act as ‘'buffers.’' Hsemo- 
globin would therefore have as important a function in carbon 
dioxide transport and maintenance of normal hydrogen ion concen- 
tration as in the transport of oxygen. The share of the plasma 
proteins (as distinct from haemoglobin) in this buffer action is still 
a matter of dispute. If they act as buffers at all they must form 
ionised salts. A. E. Cushny^o denies this; he filtered serum 
through collodion and found all the crystalloid constituents to be 
present iff the same concentration in the filtrate as in the serum 
(with the exception of calcium and probably of magnesium). 
P. G. Hopkins, 31 on the other hand, evidently believes in the 
existence of ion-proteins. W. M. Bayliss^^ finds that the plasma 
proteins play no perceptible part in the maintenance of neutrality 
between limits of hydrogen ion concentration possible in the living 
organism. Parsons, in his second paper quoted above, considers 
that the weak acid competing with carbonic for the sodium is 
mainly, if not entirely, hsemoglohin. Using a similar conception, 
L. J. Henderson 33 has attempted to explain the simultaneous 
reaction of haemoglobin with oxygen and with carbon dioxide. He 
is led to the assumption that a certain acid radicle of reduced haemo- 
globin has a dissociation constant of 2 ‘3 x 10 "3, which is increased 
in oxyhemoglobin to 2'0 x 10“'^, thus expressing quantitatively an 
idea put forward by J. Christiansen, C. G. Douglas, and J. S. 
Haldane. 3^ When the hemoglobin thus becomes more eleotro- 
lytically dissociated owing to its taking up oxygen, it also takes up 

29 J. Physiol, 1919, 53, 42, 340 j A., i, 508. 
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81 Brit. Med. J., 1920, ii, 70. 

82 J. Physiol, 1920, 53, 162 ; A., i, 607. 

88 J. Biol Ghem., 1920, 41, 401 ; A„ i, 403. 

8* J. Physiol, 1914, 48, 244; A., 1914, i, 1012- 

BBP. — ^VOL. XVH. 


G 



162 ANNUAL EEPOETS ON THE PROGRESS OP CHEMISTRY. 


more base (sodium) and carbonic acid is set free. (This would be 
the process in the lungs; tbe reverse would occur in tbe tissues.) 
It is impossible to do more here than indicate the fundamental 
notion of Henderson's paper. 

In such theoretical speculations it is important to remember 
the observation made 30 years ago by Hamburger that red blood 
corpuscles are permeable to chloride and phosphate ions; his 
pupil S. de Boer raore recently showed the same to be the case 
for sulphate ions. This ionic interchange between plasma and 
corpuscles has lately attracted the attention of a number of 
workers. L. S. Bridericia^® finds that the increased chlorine 
content of the corpuscle can be demonstrated at low pressures of 
carbon dioxide in the plasma, for example, OT atmosphere. The 
amount of chlorine gained by the corpuscles on increasing the 
carbon dioxide pressure from 0*08 to 162 mm. almost completely 
accounts for the increased carbon dioxide-combining power coinci- 
dently gained by the plasma. The hydrogen ion concentrations 
of plasma and corpuscles remain fairly constant. This is an 
extension of K. A, Hasselbalch's ^7 attempt to explain that 
whereas a sodium hydrogen carbonate solution contains the same 
amount of carbon dioxide at all (except very low) pressures of 
the gas, in blood, on the other hand, the carbon dioxide-combin- 
ing power increases with the pressure (as if bicarbonate had been 
added). Hasselbalch invokes the ampholyte character of haemo- 
globin, which he conceives as having an acid character at low 
carbon dioxide pressures so that it displaces carbon dioxide from 
bicarbonate, and alkaline qualities at high carbon dioxide pres- 
sures, so that it combines with increasing amounts of carbon 
dioxide. The obvious question remained, how can haemoglobin 
in the corpuscles influence bicarbonate in the plasma ? Fridericia 
insists that the necessary link between the two phases is to be 
found in the wandering of the anions. H. Straub and K. Meier 
have approached the same question by subjecting corpuscles in 
physiological saline to various concentrations of carbon dioxide. 
The corpuscles themselves act as buffers, their being 7*00 when 
that of the solution was 6*67. The authors connect this effect 
with the partial permeability and the colloidal properties of the 
corpuscles. Their work has been discussed by L. Michaelis.^® 
Working on somewhat similar lines, J. M. H. Campbell and E. P. 

*5 Physiol, 1917,^51, 211 ; A., 1917, i,’ 671. 
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Poiilton^*^ also find the isoelectric point of hasmoglohin at 6*98 
Under physiological conditions the blood proteins act as acids and 
do not themselves combine with carbon dioxide until the blood is 
much more acid than ever happens in the body. The partition 
of carbon dioxide between corpuscles and plasma at different 
carbon dioxide pressures has also been recently investigated by 
J. Joffe and E. P. Poulton^^ with results similar to those of 
Straub and Meier. The former authors criticise D. D. van Slyke 
and G. E. Cullen^s method, fQj. ^]20 determination of the alkali 
reserve, because the venous plasma, after the se'paration of the 
corpuscles, is brought into equilibrium with alveolar carbon dioxide, 
so that an ionic interchange with the corpuscles can no longer take 
place. 

In most of the above papers carbon dioxide is not considered 
to be combined with the blood proteins, but to be entirely present 
as bicarbonate (at least under physiological conditions). This 
view is opposed by G. A. Buckmaster,^^ ^^i^o revived Bohr’s con- 
ception of a direct combination between carbon dioxide and haemo- 
globin. A third view has recently been put forward by J. 
Mellanby and C. J. Thomas in a paper which contains some novel 
experiments and views running counter to the current conception. 
These authors studied more particularly the ash associated with 
the blood proteins under various conditions. Eor instance, the 
protein precipitated from serum by adding an equal volume of 
alcohol at — 10 *^ is associated with a large amount of inorganic 
salt. When redissolved in water this protein combines with more 
carbon dioxide than can be calculated as existing in combination 
with the alkaline salt; from this and other experiments Mellanby 
and Thomas conclude that the carbon dioxide is adsorbed, chiefly 
on the fibrinogen, and that the proteins effect the transport of 
carbon dioxide. Since a 0*2 per cent, solution of sodium hydrogen 
carbonate is not precipitated by an equal volume of alcohol at 
— 10 *^, it is incidentally concluded that this salt does not exist free 
in serum. The authors consider the bicarbonate hypothesis inad- 
missible (according to which the sodium is shared between car- 
bonic and another weak acid). Sodium hydrogen carbonate with 
protein constitutes the alkali reserve. In shed blood lactic acid 
is produced from the corpuscles and that is why the carbon dioxide 
of shed blood falls steadily, and why this gas can be extracted 
completely from blood in a vacuum, but not from serum. 

It seems to the writer that if the bicarbonate is adsorbed by the 
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serum proteins, the latter still may transport carbon dioxide as 
salt, in accordance with the view more generally accepted. Mellanby 
and Thomas lay great stress on the colloidal properties of serum 
and support the doubt, expressed above, that the laws of equili- 
brium in homogeneous systems are not immediately applicable to 
this case. 

The estimation of carbon monoxide in blood and of the latterh 
CO-capacity has been described by M. Nicloux.^s 

An interesting contribution to the technique of determining the 
hydrogen-ion concentration of blood has been made by H. H. Dale 
and C. L. Evans.^® They dialyse about 5 c.c. of oxalated blood 
into 1 c.c. of saline, avoiding loss of carbon dioxide. The of 
the dialysate is then found colorimetrically, by mixing phosphate 
solutions until the mixture gives with neutral-red the same oolour 
as the dialysate. The method appears to be very convenient and 
accurate, and may well be applicable to fluids other than blood. 
The regulation of the blood’s alkalinity has been investigated by 
H. W. Davies, J. B. S. Haldane, and E. L. Kennaway,^^ who find 
at high carbon dioxide-pressures a considerable deviation from 
Parsons’ theoretical dissociation curve, referred to above. They 
studied the effect of eating large quantities of sodium hydrogen 
carbonate, which produces increased carbon dioxide-capacity of the 
blood, increase in alveolar carbon dioxide, rapid excretion of bicar- 
bonate in the urine, disappearance or great decrease of urinary 
ammonia and sometimes appearance of acetone substances. These 
effects illustrate the way in which the organism compensates for 
alkalosis by changed respiration and metabolism. The ammonia 
normally excreted in the urine would ultimately appear as neutral 
urea and the acid normally combined with it becomes available for 
neutralising the alkali ingested. For the related subject of 
acidosis reference can here only be made to papers by H, W. 

Haggard and Y. Henderson.^s 


Accessory Food Substances^ 

The name vitamines is all but established, in spite of the fact 
that it suggests a relationship to amines, of which there is no proof, 
J. C. Drummond suggests a compromise by dropping the final 
'' e,” so as not to suggest basic properties (to those familiar with the 
Chemical Society’s nomenclature). He further calls fat-soluble-A 
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and water-3oluble-5, simply vitamin- vitamin-B, etc. Work 
on accessory food substances is going on with unabated vigour in 
England and in America ; there are also signs of increased interest 
in and recognition of the subject in France and in Germany. On 
account of its great value, we may once more refer here to the 
Special Report No. 38 of the Medical Research Committee (now 
Research Council), which survey was mentioned in last year’s 
Report. 

It seems that the resistance of some accessory food factors to 
high temperatures has been somewhat underestimated. Thus H. 
Steenbock and P. W. Boutwell®® now report that the fat-soluble 
vitamin-il of yellow maize is unaffected by heating for three hours 
under 7 kilos pressure, nor does this treatment appreciably diminish 
the same factor in chard, carrots, sweet potatoes and squash. The 
relative stability of vitamin-.4 is also insisted on by T. B. Osborne, 
L. B. Mendel and A. J. Wakeman,®^ who cannot confirm the 
great thermolability formerly attributed to this substance from 
animal sources by H. Steenbock, P. W. Boutwell and H. E. Kent,®^ 
and by J. C. Drummond. The explanation of this discrepancy 
is probably found in an experiment described by P. G. Hopkins 
in opening a discussion on vitamins in clinical medicine at the 
annual meeting of the British Medical Association last July. But- 
ter fat heated for four hours to 120° without aeration remains 
active, but when a stream of air is bubbled through it during the 
heating, it becomes inactive. It seems that the fat-soluble vitamin 
possesses considerable heat-stability but is easily oxidised. That 
vitamins are readily destroyed by oxidation seems also to result 
from the fact, related by A. F. Hess,^® that milk or neutralised 
canned tomato juice loses much of its activity by being shaken 
with air for half an hour. The deleterious effect sometimes ob- 
served in pasteurised milk may be the result of exposure to warm 
air rather than a simple temperature effect. G. F. Still points 
out that so-called “buddized milk,’’ sterilised by being warmed 
with hydrogen peroxide to 50°, was found clinically to have lost its 
anti-scorbutic properties. Laboratory experiments on the effect of 
suitable oxidising agents on the various vitamins at room 
temperature now seem desirable. Similarly, E. M. Delf®'^ finds 
that the anti-scorbutic vitamin-(7 of orange and swede juice has 
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an nnexpec£edly great stability above 100° if tbe beating is con- 
ducted in the absence of air. Tbe practical bearing of these experi- 
ments on canning and other methods of food-preservation is obvious 
and the same applies to those of A. Harden and H. Robison, who 
find that with suitable precautions orange juice may be evaporated 
to dryness without loss of activity and that the dry residue retains 
much of its activity after two years^ storage. 

A few further attempts have been made to isolate the water- 
soluble antineuritic vitamin-R, which for various reasons seems 
to hold out more hope than vitamins-1 or -G. The most interest- 
ing of these attempts is that made by F. Hofmeister and M. 
Tanaka, who during the war isolated from rice polishings a base 
oridine, C 5 Hij 02 hr, which as crude hydrochloride cured poly- 
neuritis of pigeons in small doses, but became inert when purified 
for analysis. Either the antineuritic vitamin was a mere impurity 
in the crude crystals and therefore extraordinarily active, or the 
active substance underwent chemical transformation during the 
process of purification (regeneration from aurichloride and recry- 
stallisation of the hydrochloride so obtained). Although the 
empirical formula of oridine is the same as that of valine, the sub- 
stance appears to be more closely related to pyridine and is possibly 
a dihydroxypiperidine. The result reminds one of C. Funk’s 
earlier investigations when the antineuritic substance was asso- 
ciated with nicotinic acid. C. N. Myers and C. Voegtlin,®® using 
methods for the isolation of bases somewhat similar to those 
employed by Funk, obtained from dried yeast a crystalline anti- 
neuritic substance which became inactive on drying. The method 
of extracting vitamin-R from rice bran has been studied by 
B. C. P. Jansen,®! states that an alcoholic extract of rice 

polishings is now used in Java against beri-beri. He used 0*3 
per cent, aqueous hydrochloric acid, or 70 per cent, alcohol, or 
96 per cent, alcohol with volume of concentrated hydrochloric 
acid, and found that with each solvent the vitamin is completely 
extracted in two days. He criticises curative experiments with 
pigeons as being uncertain unless much time is expended on them ; 
it is better, and not necessarily slower, to find the minimum pre- 
ventive dose which must be added to a diet of polished rice. 
Much time may be saved by using a small species of Indian bird 
(Muma maja), which is far more sensitive than the pigeon. 

The results obtained in the laboratory with animals are now 
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more and more being put to clinical use, most of all in Vienna. 
Charts giving the effect of butter or cod liver oil and fresh turnip 
juice, added to the diet of nursing mothers or of infants, demon- 
strate the same remarkable effect on the body weight of the chil- 
dren as has been studied in animals. Turnip juice contains the 
antiscorbutic vitamin and is a cheap substitute for lemon juice; 
its clinical value has now also been emphasised in Germany.®^ 
Various gastro-intestinal disorders in adults are now attributed by 
R. McCarrison®^ to vitamin deficiency and he has found, for in- 
stance, that healthy monkeys, carriers of Entamc&ha cysts, develop 
dysentery when placed on devitaminised food. 

Evidence is accumulating that vitamins are not only necessary 
for animals, but also for some fungi. R. J. Williams,®® F. M. 
Bachmann,®^ W. H. Eddy, and H. C. Stevenson ®® estimate the 
strength of vitamin {B ?) solutions by growing yeast cells in them. 
In his second paper Williams has made the method gravimetric 
by weighing the yeast. The method has been adversely criticised 
by G. de P. Souza and E. V. McCollum,®^ who find that many 
substances stimulate the growth of yeast. Pasteur already failed 
to grow yeast from a single cell in synthetic media, and Wildier'*'®' 
postulated a special substance, ^'bios,’^ necessary for the growth 
of yeast cells. A similar relationship seems to hold for Sclerotinia 
cinerea, the fungus causing brown rot in peaches and plums; ac- 
cording to J. J. Willaman,^ it does not grow on synthetic media 
sufficing for Aspergillus, for example, but it will grow when a 
“ vitamin preparation is added, obtained by means of adsorption 
by fullers^ earth from a variety of animal and vegetable sources. 
This substance, like bios,^^ is thought to be identical with water- 
soluble vitamin-R, but such a speculation is of course incapable of 
exact verification as long as vitamins have not been isolated. 
Indeed, the identity of the grcwth-promoting water-soluble vitamin 
with the antineuritic, now generally presumed, is denied by A. D. 
Emmett in conjunction with G. 0. Luros^^ and with M. Stock- 
holm.^® That vitamins are necessary for fungi is also denied; A. 
Lumiere’'®® finds that yeast heated to 135° and no longer capable 
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of curing polyneuritis gives a bouillon wKicb greatly improves the 
development of fungi. From wbat bas been said above it will be 
seen that Lumiere’s experiments are not necessarily in conflict 
with those of Williams and of Bachmann. Heating to 135° may 
not have left enough vitamin to cure pigeons; yet there might be 
enough to have a favourable effect on the growth of yeast. It is 
even more difficult to judge of the vitamin-nature of the crude 
nucleic acid derivatives in bacterised peat, which according to 
W. B. Bottomley favour the growth of Lemna in water culture. 
Experiments on the growth-promoting substances in various organic 
manurial composts by E. A. Mockeridge seem to depend more 
definitely on the presence of purine and pyrimidine bases in these 
manures. 

Pellagra, a disease occurring in countries (Italy, Caro- 
lina) where maize is the principal article of diet, has of late years 
been more and more considered due to a dietary deficiency, and it 
has been suggested that the cause lies in the absence of tryptophan 
and perhaps also of lysine from zein, the chief protein of maize. 
The metabolic importance of the former amino-acid was estab- 
lished by E. Gr. Willcock and E. G. Hopkins in the case of young 
mice, that of the latter by T. B. Osborne and L. B. Mendel. 

Occasional outbreaks of pellagra in institutions, camps, etc., 
have always cleared up on the inclusion of more milk, meat, eggs 
or cheese in the dietary, but whether the cure was due to trypto- 
phan in caseinogen is not thoroughly established. H. Chick 
and E- M. Hume^^ describe experiments with monkeys on a diet 
rich in all known vitamins, but with zein as its principal protein. 
Symptoms closely resembling those of pellagra were produced and 
were undoubtedly of dietary origin. In one case they cleared up 
rapidly when caseinogen was administered as well, but the crucial 
point, whether it was tryptophan which made the difference, could 
not be established with certainty. This amino-acid appeared to 
have a beneficial effect, but no cure was effected with it alone. 


Ferments. 

The discussion on the diastase-like properties of formaldehyde, 
which has been carried on in Germany during the last few years, 
may be mentioned here, not so much as a contribution to nur know- 

Proc. Moy. Soc., 1920, [B], 91 , 83 ; A., i, 265. 

Biochem. J., 1920, 14 , 432 ; A,, i, 704. 

J. Physiol, 1906, 35 , 88 ; A., 1907, ii, 88. 

’’ J. Biol Chem., 1914, 17 , 325 ; A., 1914, i, 620^ 

Biochem. J., 1920, 14, 136. 
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ledge of enzymes, but ratber as a curious example of scientific 
controversy. G. Woker and H. Maggi have repeatedly asserted, 
both separately and together, 79 that formaldehyde has the power of 
hydrolysing starch. They have been attacked by various critics 
in a number of separate papers, and finally these critics have 
banded themselves together in a final onslaught.so The explana- 
tion of the supposed diastatic action of formaldehyde lies in the 
fact that the latter forms a loose additive compound with starch 
(which compound does not give a blue colour with iodine), and 
that formaldehyde also modifies the physical properties of the 
colloid. This view is shared by E. Herzfeld and R. Klinger, 
who hold similar views as to the action of formaldehyde and for- 
mulate, in addition, somewhat revolutionary ideas on starch hydro- 
lysis, according to which the formation of dextrins (including 
achroodextrins) may be a purely physical change in the degree 
of dispersion, without any hydrolysis. The hydrolysis of starch 
(by amylase) is also discussed in a suggestive, largely theoretical 
paper by L. Ambard, E. Pelbois and M. Bricka,®^ who consider 
it to be just as much a unimolecular reaction as the hydrolysis of 
sucrose by acids. The action of neutral salts is similar, accelerat- 
ing the latter, and making possible the former action (dialysed 
saliva is without action on starch). In either case the action of 
the neutral salt is on the substrate, not on the catalyst. For starch 
the action depends on the anion and is greatest for chlorides, at 

6*45, which gives also the reaction of a solution in which the 
amylase is most stable. Under these conditions the optimum con- 
centration of sodium chloride is 0*006 molar, but in this neigh- 
bourhood considerable changes in the salt concentration do not 
very much affect the rate of hydrolysis. 

Potato tyrosinase has been separated by H. Haehn^^ into two 
components by means of a Bechhold ultra-filter. The residue is 
thermolabile a-tyrosinase,^^ the filtrate is an activator which 
retains its activity after incineration. In the case of a successful 
separation (which is not alwaysi possible), the two components are 
separately inactive on tyrosine, but become so when mixed. 

It is natural that attempts have been made to demonstrate the 
reversibility of hydrolytic action in such a simple and specific case 
as that of urease, and H. P. Barendrecht,^^ in developing a radia- 

For example, Ber., 1919, 52, [B], 1594; A., i, 10. 

JM. Jacoby, W. von Kaufmann, A. Lewite, and H. Sallinger, ibid., 1920, 
53, [B], 681 ; A., i, 424. Biooh&m, Z&itsch., 1920, 107, 268 ; A., i, 713. 
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tion theory of enzyme actions, claims that urease under certain 
conditions can transform ammonium carbonate into urea. This 
is denied by T. J. F. Mattaar.^s any case urease undergoes 
more or less rapid destruction in a solution of ammonium carbonate. 

E. Yamasaki has investigated the kinetics of urease and con* 
siders that the hydrolysis of urea is a simple catalytic action carried 
on in the substrate phase and does not consist in the decomposition 
with measurable velocity of an intermediate compound formed 
instantaneously. Nor do the enzyme and substrate form an inter- 
mediate compound with measurable velocity.’ The addition of 
electrolytes diminishes the activity of the enzyme owing to adsorp- 
tion by the latter, and the effect may in various cases be expressed 
according to Freundlich’s adsorption formula. Perhaps it is the 
electrolyte nature of ammonium carbonate which prevents the 
reversibility of the urease action from being demonstrated. 

The same author ^7 has compared the temperature-coefficients 
for the destruction of catalase from bamboo shoots, germinated 
soja beans and blood. As the coefficient is different in each case, 
he concludes that the enzymes are also different. The effect of 
“ poisons ” is considered to be due to adsorption by and coagula- 
tion of the enzyme. C. G. Santesson^s also considers that the 
effect of electrolytes on the rate of the catalase action is due to 
adsorption and finds that the anions can be arranged in Hof- 
meister’s lyotropic series, SO^ having the smallest and CN the 
greatest inhibitory effect. C. Neuberg and F. F. Nord^s have ex- 
tended the reduction, by yeast, of the carbonyl group from alde- 
hydes to ketones. In the latter case they get o'ptically active 
secondary alcohols in yields of about 10 per cent. Diacetyl yields 
Z-/8y-butylene glycol, whereas Harden and Walpole found that 
bacteria produce from carbohydrates a mixture of the racemic and 
meso-forms. Another interesting product of ferment action is 
the crystalline specimen of sucrose obtained by E. Bourquelot and 
M. Bridel,®® by the action of emulsin on gentianose. Previously 
this trisaccharide had only been hydrolysed to fructose and gentio- 
biose by invertase, and then the latter sugar could be split into 
two molecules of dextrose by gentiobiase ” of bitter almonds. 
The authors were, however, led to attempt a different degradation 
by the simultaneous occurrence of sucrose and gentiobiose in fresh 

i?ec. trav. cUm., 1920, 39, 496 ; A., i, 649. 

Sci. Bep, Tdhohu Imp, XJnw,, 1920, 9, 97 ; A., i, 577. 
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gentian root. They finally succeeded by using a specimen of 
bitter almonds as free as possible from invertase, and controlling 
the length of the reaction polarimetricaily. 


Estimation and Formation of Urea. 

Hypobromite does not liberate the whole of the nitrogen from 
urea and the addition of substances like dextrose has been shown 
by M. Krogh®^ to give illusory results, since carbon monoxide is 
given ofi. L. Ambard now criticises Krogh’s high results because 
oxygen is also evolved. After absorption of this gas by sodium 
hyposulphite the nitrogen corresponds with 90 per cent, of the 
theoretical. Apart from the use of urease, a more elegant method 
of estimating urea is that given by E. Fosse, Qs which does not 
appear to have received in this country the attention it deserves. 
It is based on the fact that xanthhydrol precipitates urea at dilu- 
tions as high as 1 : 1,000,000. The method has been recently criti- 
cally examined and favourably reported on by .Frenkel. With 
its aid Fosse has lately studied the formation of urea by oxidising 
proteins with permanganate, first observed by Bechamp in 1856,- 
but afterwards denied. Ordinarily only small amounts are pro- 
duced, but if the oxidised solution is subsequently heated with 
ammonium chloride, much larger quantities of urea result, because 
the solution contains cyanic acid.^® When dextrose is added dur- 
ing oxidation the yield of urea is also much increased and small 
quantities of dextrose alone, in the presence of concentrated am- 
monium hydroxide, may yield 70 per cent, of the sugar as urea.®^ 
The reaction is considered to proceed through the stages : formalde- 
hyde, hydrocyanic acid, cyanic acid, ammonium cyanate, and it 
is suggested that this explains the formation of urea in plants. 
Under certain conditions a little oxamide may also be formed.®^ 

Zeitsch. physiol. Ohem., 1913, 84, 379 ; A., 1913, ii, 641. 

Bull Soc. Chim. biol, 1920, 2, 206 ; A., 1921. 
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Eormones, 

During the current year several attempts have been made to 
isolate the physiologically active principles of the pituitary body, 
but the position seems to be rather less hopeful than last year 
when J. J. Abel and S. Elubota suggested that the plain muscle 
stimulant of pituitary might be identical with histamine. This 
suggestion was promptly rejected by D. Cow^ and at once reaffirmed 
by J. J. Abel and D. I. Macht.2 The attack and defence were 
made on purely pharmacological grounds, and may be cited as' an 
illustration of the difficulties involved in settling the identity or 
non-identity of substances exclusively by their physiological action, 
without the chemical isolation of both. The differences in the 
physiological behaviour of the two substances, used by Cow in sup- 
port of his argument, were considered by Abel and Macht to be 
the result of differences in dosage. The notion that the pituitary 
uterine stimulant (oxytocic principle) is merely histamine was 
also rejected on more chemical evidence by H. W. Dudley, ^ who 
extracted the dry powdered gland with ' acidulated water and 
purified the extract with colloidal ferric hydroxide, which leaves 
the active principle entirely in solution. It can then be removed 
completely without loss by continuous extraction with butyl alcohol 
(under reduced pressure, so as to lower the temperature). The 
substance from pituitary is not identical with histamine, because, 
unlike this amine, it is destroyed at room temperature by 
A-sodium hydroxide, and further, because it is destroyed by 
trypsin, is extracted from acid solution by butyl alcohol, and is 
insoluble in boiling chloroform. As the result of Dudley’s experi- 
ments and later ones of their own, J. J. Abel and T. Nagayama^ 
have had to abandon the hope that the pituitary uterine stimulant 
is histamine. They nevertheless claim that infundibular extracts 
from fresh glands contain a little histamine, but much less than 
extracts of commercial dried gland previously examined by them, 
or than the extracts commonly employed in therapeutics. They 
suggest that the specific active principle, on boiling and sterilisa- 
tion, partly breaks down to histamine. The fact that they ob- 
tained an impure substance which is many times more oxytocic 
than histamine itself, is in itself sufficient to dispose of their 
previous suggestion that the two are identical. It also makep the 
chances of isolation much smaller — evidently this pituitary prin- 

Ann. Mpports, 1919, 16, 158. ^ J. Pharm. Wxpt. Ther., 1919, 14, 275. 
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cipl© is a substance of quite extraordinary potency and present in 
very small amount. 

M. T. Hanke and K. K. Koessler^ go further than Abel and 
Nagayama, and deny that histamine is present at all in fresh 
pituitary ; they partly rely on a colorimetric method for estimating 
histamine, and they incidentally cite a number of chemical and 
physiological differences between the amine and the pituitary prin- 
ciple. With regard to the latter, F. Fenger and M. Hull® state 
that in the fresh gland it is united to a protein complex and is 
insoluble in 96 per cent, alcohol, which, however, on boiling splits 
off a highly active, hygroscopic substance, more readily decomposed 
than its precursor. Of late most writers, for instance, Dudley® 
and C. Crawford,^ consider the uterine and the pressor principle of 
pituitary to be distinct. According to the latter, the pressor 
principle gives no Millon reaction and only a very doubtful Pauly 
reaction, but on keeping an aqueous solution it becomes reactive 
to Pauly's reagent. Abel and Macht find that the Pauly reaction 
is always given by active preparations. In spite of the great 
therapeutical importance of the pituitary, the prospects of isolat- 
ing any specific active principle from it do not appear to be very 
bright. 

L. Stern and E. Rothlin® have prepared an impure substance 
from the spleen which they call ^^lienine”; it acts on smooth 
muscle very much like histamine, and has some of the chemical 
properties of the latter substance. The chief difference appears to 
be that lienine is destroyed by 1 per cent, sodium hydroxide, and 
histamine is not. Of a number of organ extracts examined as 
regards their action on smooth muscle fibre, that of the spleen is 
by far the most potent and the active substance is stated to be 
present in the blood of the splenic vein. Further chemical work 
is required to prove or disprove its identity with histamine. 

Thyroxine was referred to at some length in last year's 
Report. Since then a long paper by B. 0. Kendall and A. E. 
Osterberg® has come to hand, containing numerous microphoto- 
graphs of crystals. Many analyses of thyroxine and its derivatives 
are now given for the first time, and the conditions governing the 
transformation of the ketonic or lactam into the enolic or lactim 
form and into the open chain hydrate are discussed. It is stated 
that the position of the three iodine atoms is determined by 

s J, Biol. Ohem., 1920, 43 , 657. lUd., 543 ; A., 784. 
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syntliesis, a description of which is promised later. Meanwhile 
E. C. Kendall has further developed the estimation of iodine in 
the thyroid; he thinks it best to use only 0’5 gram of the gland. 
E. C, Kendall and E. S. Richardson find that there is 0‘013 mg. 
of iodine in 100 c.c. of normal blood. 

Geoege Bargee. 

J. Biol. Chem.f 1920, 43, 161 : A.^ ii, 631. Compare also S. B. Kuzirian, 
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Much steady progress lias to be reported, altbough no develop- 
ment of outstanding importance lias occurred. 

The outlook for the future is in some directions rather uncer- 
tain. The Woburn Eruit Earm, long carried on at the expense 
of the Duke of Bedford, and made famous by the important 
investigations of the late Spencer U. Pickering, will be closed 
before this Report appears; and at the moment of writing there 
is the possibility that the Woburn Experimental Station of the 
Royal Agricultural Society may be closed in 1921, although some 
hope still remains that this misfortune may be mitigated, or even 
averted. It seems probable that the research in agricultural 
science done by Germany and Austria will be less in future than 
it was before the War. As against that, however, the Ministry 
of Agriculture in this country has produced an admirable scheme, 
whereby the research institutes can attract the ablest of the 
younger men and women from the universities, and it may safely 
be said that the institutes were never before as well staffed as they 
are now. Both in amount and quality, the work in hand at the 
various centres of agricultural research in this country is full of 
promise for the future. Eortunately, also, in spite of the central- 
isation which is being forced by inexorable circumstances, there 
still remain independent outside critics who can save the workers 
at the institutes from the dangers of futility. 


Soil, 

It seems possible that the nature of the black organic matter 
in the soil, commonly known as humus,’' will soon be understood. 

'^TT nm nfi is formed from cellulose in the soil; no great amount 
seems to be obtained from tbe protein in plant residues. Maillard 
showed some years ago that a substance resembling humus is pro- 
duced when sugar is heated either with mineral or amino-adds; 
in the latter case, the “humus” contains nitrogen, as in soil; 
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The reaction has been further investigated by V. A. Beckley in 
the Eothamsted laboratories ; ^ setting out from an observation by 
Benton, he showed that sugars, on treatment with acids, give rise 
to hydroxymethylfurfuraldehyde, which readily condenses to form 
a substance closely resembling humus. He also found indications 
of the presence of hydroxymethylfurfuraldehyde in a dunged soil 
and in rotting straw in which humus was being produced. He 
suggests, therefore, that the formation of humus in soil proceeds 
in two stages: 

Carbohydrate (cellulose, etc.) + amino-aoid — 

hydroxymethylfurfuraldehyde , 
Hydroxymethylfurfuraldehyde + amino-acid = 

humus + furfuraldehyde-i~C02 by condensation. 

An alternative view is put forward that humus is derived from 
the oxidation of quinones.^ 

The humus has acid properties, which, however, are very difficult 
to measure. An interesting series of papers has been published® 
by S. Oden, of Upsala, one of the most ingenious of present-day 
workers on this difficult subject. He shows that selective absorp- 
tion, once invoked to account for the acidity, can really play but 
a very minor part, since treatment of washed peat with potassium 
chloride solution gives no hydrochloric acid, but only non-volatile 
acids. Nor did iron or aluminium occur in the solution. Humic 
acid is a true acid ; ^ it appeared, however, from the high value 
of peat extracts that other organic acids were present as well. A 
method is described for obtaining neutralisation curves which will 
probably prove distinctly helpful to investigators. 

He further discusses the effect of lime on peat.® It is well 
known that large quantities of lime — one or two tons per acre — 
are necessary in order to allow of the growth of agricultural crops 
on peat soils ; whilst on normal soils much smaller quantities suffice. 
The usual explanation is that peat contains some harmful sub- 
stance put out of action by lime. Oden shows that humic acid 
is so insoluble that it can hardly do much harm to vegetation ; he 
also controverts Baumann and Gully’s view that injury arises by 
absorptive decomposition of nutritive salts with liberation of acid. 
Further, he demonstrates by the old van Bemmelen method that 
lime effects no improvement in the fundamental water relation- 

^ J. Agric. Sci,, 1920, 11, 69. 
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ships of peat. He concludes that humio acid is not itself harmful 
to plants, but, on the other hand, the calcium humate formed 
when lime is added to peat is distinctly beneficial, probably by 
acting as a “ buffer ” in regulating the hydrogen-ion concentration 
of the soil. It would react with harmful acids, forming harmless 
calcium salts and insoluble, harmless humic acid, thus maintaining 
the soil reaction suitable for plants and micro-organisms. 

He also describes a colorimetric method for estimating the 
amount of humic acid in soil.® The problem is complicated by 
the fact that two intensely dark-coloured substances occur, namely, 
humic acid and the so-called hymatomelanic acid, in addition to 
the faintly coloured acids formerly known as crenio and apociemc 
acids, but named ''fulvic^' by Oden.^ 

As separation of the two dark-coloured acids is not easy, a 
detailed examination was made of the absorption spectra of their 
sodium salts as well as of that of Merck’s “acidum huminicum”; 
from the curves and data thus obtained the details of the method 
are worked out. 

An aqueous extract of peat undergoes considerable changes on 
keeping, which have been examined in some detail.® 

The organic phosphorus compounds of the soil have been studied 
in Ohio.® About one-third of the total phosphorus in the surface 
soil and one-fifth of that in the subsoil is found to be in this form, 
and this organic phosphorus is related both to the “ humus soluble 
in ammonia/’ of which it forms about 1 per cent., and to the total 
nitrogen, being one-tenth the amount of the latter. There was no 
evidence that the organic phosphorus compounds have much direct 
nutrient value to plants, although they apparently undergo 
decomposition, since the amount in virgin soil is considerably above 
that in cultivated soil containing approximately the same quantity 
of total phosphorus. 

The black organic matter insoluble in alkalis is known as 
'' humin ” ; a similar-looking insoluble product is obtained by the 
interaction of amino-aoids and tryptophan, tyrosine and formalde- 
hyde.^® 

Soil Acidity . — Much work continues to be done in America on 

« Int. Mitt. Bodmh., 1920, 9, 391. 

The multiplication of definite names for indefinite soil acids is confusing : 
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soil acidity. !FoEr explanations liave been offered of the power 
of soil to turn blue litmus red: selective adsorption (Cameron), 
the presence of organic acids (Sprengel), of acid silicates (Hopkins, 
Loew), of easily bydrolysable iron or aluminium salts wbicb arise 
when supplies of basic calcium and magnesium compounds are 
low^i (Abbott, Conner and Smaller, Daikuhara). 

The existence of a definite hydrogen-ion concentration in acid 
soils shows the presence of definite acids, without, however, giving 
much information as to their nature.^^ 

Aluminium nitrate and sulphate are both toxic to plants, 
especially clover, when applied in amounts equivalent to the acidity 
of the soil. Aluminium oxide and phosphate, on the other hand, 
had no effect.^® It was further found that washing soil with a 
solution of potassium sulphate or nitrate removed its acidity, and 
also 59 per cent, of its aluminium. The leached soil was better 
suited for the growth of clover than the original acid soil. Addi- 
tion of lime or calcium phosphate also overcame the acidity and 
made the soil fertile. These facts are all consistent with the view 
that aluminium is the toxic agent. It is further suggested that 
aluminium occurs as gibbsite, a form of aluminium oxide, readily 
soluble in acids, which during nitrification or ''sulphofication/’ 
becomes converted into nitrate or sulphate. The weak point in 
the suggestion is that neither gibbsite nor other readily soluble 
aluminium oxide has commonly been found in soils in temperate 
climates, although it must be admitted that they have rarely been 
looked for. 

An interesting test for sour soils is based on the fact that iron 
also, like aluminium, passes into solution when a potassium salt 
is added to a sour soil, but not when it is added to a normal 
neutral soil. Sourness therefore is readily detected by adding 
potassium thiocyanate, and still better by using an alcoholic solu- 
tion of this substance.^^ 

Soil acidity is now measured by: (1) the lime requirement or 
potassium nitrate extraction, essentially titration methods indicat- 

See L. P. Howard, Soil Sci., 1919, 8, 313 ; A., i, 416. 
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ing tlie quantity of the acid; (2) the hydrogen-ion concentration 
(Sorensen’s Pjj notation is commonly used),^® measuring the 
strength or intensity of the acid. On general grounds one would 
expect no necessary relationship between these quantities. As a 
matter of fact, it is now suggested that they may be related, 
the observed inconsistencies arising from inaccuracies in the Veitch 
method commonly used in America, or from the presence of 
"'buffers.” Seeing, however, that "'buffers” occur in all soils it 
would appear that exceptions would be frequent. 

It has sometimes been asserted that the acidity of soil is too 
feeble to cause injury to plants, and the cause of the infertility 
must be sought elsewhere. 

A set of measurements made in West Virginia give the follow- 
ing optimum values when phosphoric acid and sodium hydrate 
are the adjusting substances: seedlings of wheat, soja beans and 
lucerne, 5 '94; seedlings of maize, 5*16. In more strongly acid 
solutions of soja beans and wheat suffered little until the value fell 
below 5*16; although lucerne suffered at once, 2*96 seems to be 
below the critical value, and 2*16 was fatal to growth (although not 
to germination) and favoured the growth of moulds in the cultures. 
Some injury was observed when the neutral point was attained and 
considerable injury when it was passed; alkalinity apparently is 
more harmful than acidity. Other measurements have been made 
with lucerne at New Jersey, sulphuric acid and calcium carbonate 
being here the adjusting substances. Germination was practically 
unaffected between 4*5 to 7*0 ; below 4*5, however, it was 

much retarded. The yield showed a steady increase between Ph 
values 3*8 to 6*5, with some irregularities between 6*5 and 8. 
More measurements of this kind are needed; these results suggest 
slight acidity as the optimum condition, whereas long agricultural 
tradition favours neutrality attained' by use of chalk or lime. 

There is one case, however, where slight acidity is known to 
be desirable — ^the potato crop, which becomes liable to “ scab ” if 
the Pg value is too high. Gillespie gave 5*2 as the limiting value; 
a case is now known, however, where "scabbing” occurred at 4*8, 
although it was much reduced in comparison with the control plot 
at 5*6.20 Acidification had been brought about by the addition of 
sulphur, which oxidises in the soil to form sulphuric acid. This 

method of controlling soil reaction promises to be of much interest. 

* 

The student will find a full account of tMs method and a critical discus- 
sion by E. A. Fisher in J. Agric, S(n., 1920, 11, 19* 

A. W. Blair and A. L. Prince, Soil 1920, 10? 253. 

B. M. Salter and T. 0. Mcllvaine, J. Agric. Be$., 1920, 19, 73; 

J. S* Jofie, Soil Scl, 1920, 10, 301. “ W. H. Martin, tbid,, 1920, 9, 393. 
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Attempts have been made to ascertain in what way the acidity 
injures plants. The acidity of the sap corresponds with values 
5'48’ to 5 '97 in buckwheat seedlings, and 4*82 in the adult plant 
there is also considerable reserve acidity. 

These figures may be of the same order as those for optimum 
conditions in the soil. Some of the results lend colour to the sug- 
gestion^^ that the harmful effect of soil acidity exceeding these 
values is due to its influence in preventing plants from securing 
rapidly enough the bases necessary for neutralisation and precipita- 
tion of acids within the plant; in general, also, the addition of lime 
to the soil decreases the acidity of the plant juice. 

The present position cannot be better described than in the 
words of D. U. Hoagland,23 one of the foremost investigators of 
the modern aspects of soil problems: 

In perhaps the majority of cases the inhibition of crop growth 
frequently associated with acid soils may not be the direct effect 
of the acidity at all. In other factors, such as soluble aluminium, 
may be found the true direct cause of the injury. It is granted 
that these causes may be removed by exactly the same treatment 
which neutralises the acidity, but in the interest of scientific pro- 
gress it is essential to separate and designate the various factors 
and their inter-relations. 

“ Is it not possible that the whole subject would become clarified 
if we attempted to reach such definite conclusions as : ‘ The growth 
of the crop is inhibited by too great concentration of hydrogen 
ion, or by too large a concentration of aluminium ion, or by too 
low a level of calcium in the soil solution, or by the effect of the 
hydrogen-ion concentration on the soil micro-organisms, etc.' ? " 


Methods of Increasing the Stock of Organic Matter in the Soil. 

Considerable attention has been given to green manuring as a 
means of increasing the supplies of organic matter in the soil. 
Emphasis has again been laid on the value of leguminous crops, 
and some precise data have been accumulated.®^ Attempts (unfor- 
tunately not giving very definite results) have also been made to 
ascertain whether or not soil acidity is increased thereby.®^ 
Further evidence is published that in Virginia, as elsewhere, the 
growing crop temporarily restricts nitrification in soil, soja beans 
being an exception.®® 

A R. C. Haas, Soil Sci, 1920, 9, 341. 

E. Tiuog, ibid., 1918, 5, 169. Private cowmunication. 

T. L. Lyon, J. A. Bizzell, and B. D. Wilson, Soil Sol, 1920, 9, 53. 

L. P. Howard, ibid., 27. 2 * Wright, md., 1920, 10, 259. 
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Soil Organisms. 

Tiie effectiveness of leguminous crops arises from tiie fact tliat 
they are associated with micro-organisms capable of fixing gaseous 
nitrogen and converting it into substances available for the nitro- 
genous nutrition of the plant. These remarkable organisms have 
been the subject of much investigation; a life-cycle has been sug- 
gested,^^ for which there is considerable evidence. Five stages are 
described: a small non-motile form, a larger non-motile coccus, 
an elliptical highly motile form (this being the swarmer stage of 
Beijerinok), a rod form, and finally, when the carbohydrate supply 
is exhausted, a vacuolated stage. A neutral reaction and the 
presence of calcium phosphate speed up the change from non-motile 
to motile forms. This work is being continued. 

Some interesting work on the general biological relationships is 
being done in Professor A. L. Whiting’s laboratory in Illinois. 
The process of nitrogen fixation was not adversely affected by 
nitrate or by organic matter; indeed, in the case of cow peas 
there was some evidence that the addition of organic matter 
increased it.^® 

Another important practical problem has been studied : whether 
the organisms are the same for all leguminous plants or whether 
there are special strains for each kind. Some degree of specificity 
is proved : the organism of lima bean (Phaseolus limatus) is 
identical with that of cow pea and will inoculate either crop, but 
it is distinct from that of navy and kidney beans (Phaseolus 
vulgaris), and will not inoculate these.^® 

Nitrates have a marked effect on nodule production. Soja beans 
take up these compounds readily from the soil; indeed, the con- 
centration of nitrate in the cell sap becomes greater than in the 
soil solution, and so high as to inhibit growth and reproduction of 
the organism there. 

In addition to the fixation of nitrogen, bacteria play an important 
part in breaking down the protein contained in plant residues and 
producing nitrates needed for plant nutrition. Further data have 
been collected in New Jersey showing that the productiveness is 
closely related to the rate of evolution of carbon dioxide (described 
as “ oxidising power ”), and to a less extent to rate o| nitrate 
accumulation and bacterial numbers.®^ 

In a suggestive paper, which may foreshadow important develop- 

*^7 W. F. Bewley and H. B. Hutchinson, J. Agric. Sci., 1920, 10, 144. 

28 W. A. Albrecht, Soil 8oi., 1920, 9, 275. 

^ A. L. Whiting and E. Hansen, ibid,, 1920, 10, 291. 

W. H. Strowd, ibid,, 343. J. E. NeUer, ibid., 29. 
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ments, Gillespie draws a distinction between oxidations of high 
potential and those of low potential in a soil.^^ A given rate of 
absorption of oxygen or production of carbon dioxide may arise 
from an oxidation of high intensity or potential involving a small 
quantity of material, or a reaction of low potential involving much 
material. The phenomena are parallel to those of the hydrogen- 
ion concentration, and simultaneous development of both aspects 
of the subject may be expected. 

Further work has been done on the protozoan fauna of the soil, 
and at last it appears that this subject is being put on a sound 
basis. The method of estimating the numbers of protozoa in 
natural soils has been greatly improved by B. W. Cutler at 
Hothamsted active forms can now be distinguished from cysts 
and separated out into a number of different species. The first 
systematic census was taken at intervals of ten days, and the 
results when plotted, whilst definitely indicating certain relation- 
ships, showed many fluctuations which were difficult to understand. 
A daily count of the organisms in a field plot was therefore 
organised, and it revealed some remarkably interesting phenomena. 
The numbers of bacteria were always inversely proportional to 
the numbers of active amoebse, whilst the numbers of flagellates 
showed a remarkable periodicity which is not yet explained. The 
results^® are so important that the daily census is being continued 
for 365 consecutive days. American investigators have sometimes 
claimed that protozoa were absent or unimportant in American 
soils, which if true would indicate a great difference in micro- 
organic flora in this country and America. IJsing a less complete 
method of counting, it is now recognised that in the soil of New 
Jersey there is a fauna of organisms “ which are practically always 
present in the soil in considerable numbers and which use the soil as 
a medium in which to live and carry on their life processes.^' The 
fauna, however, is believed to exist mainly in the non-trophic 
state. It seems highly desirable that an extended quantitative 
survey should be made in at least as comprehensive a manner as is 
done at Rothamsted, discriminating carefully between active forms 
and cysts; there appears to be no simple direct method of doing 
this short of actual counts. 

Advances in soil microbiology have shown that the soil popula- 
tion is more complex than was at one time thought, but it is also 
known that some degree of simplification often increases productire- 

L. J. Gillespie, Soil ScL, 1920, 9, 199. 

»» J. Agrnc. Sci., 1920, 10, 135. L. M. Cramp, ibid., 182. 

D. W. Cutler and L. M. Cramp, Annala of AppUed Biok, 1920, 7, 11. 

• ** C. R. Filers and F. B, Allison, Soil Sci„ 1920, 0, 1. 
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ness. Simplification is obviously advantageous wben disease 
organisms or pests are present. Some organisms tend normally to 
disappear in tbe general competition j tbe PstudoTnonas citri caus- 
ing citrus canker in America is rapidly exterminated from 
ordinary soil, altbougb it flourisbes in sterilised soil.^^ In other 
cases, however, competition alone is insufficient and direct control 
is attempted. Heat is found to be effective, but its application is 
rarely feasible. Recourse is therefore had to chemical methods, 
and substances are sought which, whilst toxic to the organism in 
question, will not injure the plant. This necessary limitation rules 
out most inorganic poisons, such as arsenic compounds, mercury 
salts, etc., and restricts investigators to organic substances. 
Applications to the soil of calcium sulphide and naphthalene or 
cymene lead to much increase in the crop and also in numbers of 
B. hutyricus, although on fallow soils this particular anaerobic 
organism does not develop, but there is a loss of nitrogen. 38 
In seeking for new agents the first step is to ascertain 
the effect of various groupings on toxicity. In the case 
of the wireworm 3^ aromatic compounds are more toxic 
than aliphatic compounds, and the toxicity is successfully increased 
by the addition of methyl (the least effective), halogen, hydroxyl, 
or methylamino-groups (most' effective). Substitution in the side- 
chain is more effective than in the ring. The effect is not additive, 
however; position and other groups both exert great influence. 
The association of chlorine and nitro-groups is particularly potent, 
and chloropiorin is one of the most lethal agents tested. In series 
of compounds of the same chemical type there is a fairly close rela- 
tionship between toxicity and vapour pressure, rate of evaporation 
and volatility, toxicity increasing as the volatility decreases, until 
finally, a limit is reached when the vapour pressure sinks too low 
to allow of the attainment of a toxic concentration. 

Somewhat similar, although less extensive data, are recorded with 
ParamoecmmA^ 

A substance highly toxic to the organism, however, will not 
necessarily suppress it in the soil, as the soil population includes 
organisms able to effect remarkable decompositions, for example, to 
break down such unlikely substances as phenol, cresol, and appar- 
ently even naphthalene and more stable ring compounds. Owing 

H. A. Lee, J, Agric, ScL, 1920, 19, 189; H. R. Fulton, iUd., 207. 

^ G. Tniflaut and N. Bezssonoff, Comyt, rend., 1920, 171, 268 ? A., i, 665. 

F. Tattersfield and A. W. R. Roberts, J, Agric. 8ci., 1920, 10, 199. Among 
possible agents, trichloroethylene deserves consideration i E. Salkowski, 
Biochem. Zeitsch., 1920, 107, 191 ; A., i., 794, shows that it is cheap, volatile, 
and effective, . 

NT. MoOleland and R. A. Peters, J. PhyM,, 1919, 63 , xii, xv ; A., i, 612. 
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to the smallness of the amounts involved and the complex nature 
of soil, it is difficult to ascertain the course of the decomposition, 
but some help may be obtained from the work of chemists on the 
catalytic oxidation of simple but stable organic compounds-^^ 

The case of vanillin has been studied in some detail. This 
substance has been isolated from soil,^^ and it is toxic to plants; 
it is, however, decomposed by certain soil bacteria. Apparently 
only a limited number of organisms have this power. It is obvious 
that micro-organisms capable of breaking down potential plant 
toxins are of importance in soil fertility. 

A further unexpected change apparently brought about by 
bacteria is the oxidation of the element sulphur when added to the 
soil. This was first demonstrated in 1916,^^ and was turned to 
practical account in the conversion of mineral phosphates into 
soluble phosphate in compost heaps or in the soil. Further details 
are now worked out, and it is shown that nitrification still pro- 
ceeds in spite of the formation of acid.^^ 

An interesting observation has been made in Egypt to the effect 
that the fallow or '^sheraqi^^ is a period of biological inactivity 
in the soil, but is followed by a period of increased activity, the 
phenomena being apparently parallel to those shown during partial 
sterilisation of the soil.^® 

In some cases, probably in many, a reaction is brought about 
by a chain of agencies, chemical and biological. Thus, calcium 
cyanamide is a well-known fertiliser, but it owes its effectiveness to 
the ammonia produced in its decomposition. The first stage is the 
production of carbamide; this is apparently non-biological, since it 
occurs even after the soil is heated to 135*^; the decomposing agent 
is not yet identified, although the change can be brought about by 
certain zeolites which may occur in soil. The second stage is the 
formation of ammonia from the carbamide; this is biological and 
can be effected by numerous micro-organisms.^^ 

An improved method of determining ammonia in soil has been 
developed."^® 

^ For example, paraffins: A. Grun, Her., 1920, 53, [B], 987 ; A., i, 518 j 
benzene : J. M. Weiss and 0. R. Downs, J. Ind. Eng. Ohem., 1920, 12, 228 j 
A., i, 426. 

** W. J. Robbins and E. C. Lathrop, Soil Sci., 1919, 7, 475; A., i, 265; 
W. J. Robbins and A. B. Massey, ibid., 1920, 10, 237 ; A., i, 913. 

*» E. 0. Slfbrey, J. Agric. Bes., 1914, i, 357 ; A., 1914, i, 916. „ 

« J. G. Lipman, H. C. McLean, and H. C. Lint, Soil Sol, 1916, 2, 499. For 
bibliography, see H. C. McLean, ibid., 1918, 5, 251. 

^ 0. M. Shedd, J. Agm. Res., 1919, 18, 329. 

^ J. A. Prescott, J. Agric. Sci., 1920, 10, 177. 
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Tlie effect of water supply on bacterial activity bas been studied 
and some useful curves have been drawn; relationsbips have also 
been traced with some of the Brigg's and Hilgard's constants. 

Relation of Soils to Plant Growth: Water Su'p'ply. 

One of the most important functions of the soil is to supply water 
to the plant. This problem has been extensively studied by Living- 
stone, and he now contributes an important suggestion that may 
help materially in elucidating the very complex phenomena con- 
cerned.®® The fundamental conception is to regard the soil as a 
machine delivering water to the absorbing surface of the plant 
roots ; the purpose of the investigation is to study the water-supply- 
soil. The problem is regarded dynamically, 
although, of course, it depends on a number of static conditions, 
such as sizes, kinds, and arrangement of the soil particles, and the 
water content per unit volume. The experimental method consists 
in embedding porous porcelain cones in the soil, then after a suit- 
able time withdrawing them and weighing to measure the absorbed 
water. Special attention is paid to the region of moisture contents 
where wilting occurs. It appeared from the data obtained 
(although the authors frankly recognise their preliminary nature) 
that the water-supplying power at the wilting point was approxi- 
mately the same for all the twelve soils examined. This critical 
value is, of course, not to be regarded as a constant for all kinds of 
plants and all degrees of evaporation, any more than is the wilting 
coefficient of Briggs and Shantz, which varies in a regular and 
predictable way for any given soil and plant with the evaporating 
power of the air,®^ If further investigation confirms the view that 
the value is independent of the physical make-up of the soil and 
is the same for sand, loam and humus, it will undoubtedly prove 
oi importance. 

The power to supply water, however, is dependent on the amount 
present, and this is the balance of gains over losses. The loss of 
water from the soil takes place partly by drainage and partly by 
evaporation. It is claimed that the rate of evaporation is 
diminished on addition of soluble salts, and the diminution is 
directly related to the osmotic concentration of the soil solution.®^ 

The water relationships for soils are very complex, and a valuable 
critical resume of the whole subject has been made by Keen.®® 
f. E. Greaves andE. G. Carter, Soil Sci., 1920, 10, 361. 
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An attempt lias also been made to analyse more closely tbe 
capillary movement of water tbrmigli soil.®^ 

An important factor, determining not only water supply, but 
tilth, ease of working the soil, and other properties, is the degree 
of flocculation of the finer particles. In practice, lime is used to 
effect this change, but the phenomena do not altogether fall in 
line with those ordinarily observed with colloids. Some of the 
apparent contradictions are elucidated in a very suggestive paper 
by Comber. “Silt,’' the fine but not the finest material in the 
soil, is most easily flocculated by calcium salts when the suspension 
is neutral; this is the usual behaviour of insoluble substances. 
On the other hand, “ clay,” the finest material, is most easily 
flocculated in alkaline suspensions. This is unusual for insoluble 
substances, but is shown by silicic acid and some of the so-calledl 
“emulsoid” colloids. It is suggested that clay as an emulsoid 
protects the larger particles, which by themselves are suspensoid, 
and causes the whole soil to be flocculated by lime. In absence of 
clay, however, lime does not effect flocculation. 

Alkali Soils. 

Under conditions of low rainfall, salts of sodium may accumu- 
late in soils and produce sodium carbonate by various interactions, 
which are not yet fully understood. ^6 It is suggested that the 
sulphate may in some cases be reduced to sulphide, which is then 
decomposed by carbon dioxide to form the carbonate.®^ 

However they are formed in the soil, the harmful effects of 
sodium carbonate, sodium chloride, and other salts on plants and 
on organisms causing ammonification and nitrification are over- 
come by the addition of calcium sulphate. In the case of micro- 
organisms, ferric chloride and sulphate are also effective.^® 

Doubt is now thrown on the current values for the toxicity of| 
these salts in soils. It is shown that soil absorbs more water from 
a solution of sodium carbonate than from an equivalent 
solution of sodium chloride, and therefore, under conditions 
apparently comparable, the plant root would be in contact 
with a more concentrated solution of carbonate than of the 
chloride.' This fact is said to have been overlooked, and to have 

W. Gardner, Soil Sei., 1920, 10, 103, 357, 
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0. M. Smith, J. Amer. Okem. Soc., 1920, 42, 460 ,* A,, ii, 296. 
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led to false conclusions as to the relative toxicity of these 
substances.®® 


Other Investigations. 

Further experiments are reported showing that calcium sulphate 
increases the amount of soluble matter in soils.®® The amount of 
water-soluble material in the soil is not greatly affected by normal 
variations from the mean moisture content, but it is reduced when 
air-dry or water-logged conditions are attained.®^ 

Work on the drift soil of the Craibstone Farm has been con- 
tinued. This soil is largely composed of disintegrated granite. 
Like other soils, it has a marked power of absorbing ammonia, and 
the property is not shown by all constituents alike, but chiefly by 
the finer fractions. Powdered granite shows similar powers of 
absorption. It is not necessary to assume, therefpre, that absorp- 
tion is effected only by decomposed material. Absorption is 
decreased after ignition. 


Fertilisers. 

Following the practice of the previous years, the technical aspects 
of this part of the subject will be discussed in the Report to the 
Society of Chemical Industry, and only a few of the papers of 
scientific interest will be referred to here. 

Two summaries of long-continued field experiments have been 
issued. In the New Jersey experiments, the best results were given 
by sodium nitrate on the unlimed, and ammonium sulphate on the 
limed, plots, whilst the organic manures (dried fish, dried blood, 
and tankage) were less effective. No more than one-third of the 
added nitrogen was recovered in the crop, and, in absence of 
leguminous plants, there was no accumulation of nitrogen in the 
soil, but, on the contrary, a loss.®^ In the Ohio experiments 
summarised by Director Thorne, very similar results were obtained ; 
sodium nitrate proved better than ammonium sulphate on unlimed, 
but not on limed, soils, and both proved better than tankage.®^ 
One case is reported, however, where an organic manure proved 
more effective than others, namely, that of the American '^blue- 
berry.” Sodium nitrate by itself somewhat depressed the yield; 

® T. H. Kearney, SoilScL, 1920, 9, 267 ; A., i, 688. 

M. M. McOool and C. E. Millar, J. Agrie. Res., 1920, 19, 47; A., i, 588. 
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complete artificial manure somewliat increased it, but a mixture of 
the latter and dried blood considerably increased it. Tbe 
manuring of fruit bas, however, always been a subject of some 
difficulty, bristling with exceptions to ail the rules.®® 

In all fertiliser work, it is necessary to carry out field trials, 
and, in spite of their apparent simplicity, they are liable to many 
sources of error. A useful summary has been prepared of the 
methods by which the more serious errors can be avoided, special 
stress being laid on Larsen^s method.®® 

The effect of magnesium carbonate on plant growth is a subject 
of much practical importance; a persistent idea is current among 
practical men that it is in some way harmful to crops, and, in 
consequence, magnesium limestone is not held in high repute. 
Many experiments have been made. Becently, in Indiana, magne- 
site proved more favourable than calcite for nitrification and for 
multiplication of aerobic and anaerobic bacteria on a yellow clay 
soil, but not on a black soil; it produced a greater increase in 
soluble salts in the soil, and led to larger increases in yield of beet, 
but smaller increases of wheat and clover, than did oalcite.®^ On 
the other hand, it is claimed that full crops are not obtainable on 
soils where magnesia is in excess of lime.®® 


Plant Growth. 

The nutrient salts absorbed by plants from soil, together with 
the carbon dioxide assimilated by their leaves, are elaborated into 
the complex constituents and contents of the plant cells. The 
processes involved continue to form the subject of much investiga- 
tion. The relationships between absorption of salts by the plant 
root and composition of the nutrient medium is being studied at 
the California Experimental Station, where, in the case of barley, 
three distinct phases in the absorption of the nutrients were 
found.®® Up to the time of formation of the head, the rate of 
absorption progressively increases until, finally, the amounts of 
nitrogen and of potassium reach a maximum. The second phase 
corresponds with the translocation of material into the developing 
heads ; this is marked, not only by a decreased rate of absorption 
from the soil, but by definite and substantial losses of nitrogen, 
potassium, and apparently calcium from the aerial parts of the 

0. S. Beckwith, Soil Sci,, 1920, 10, 309. 
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plant, and presumably from tlie whole plant, although difficulties 
of manipulation make root examination uncertain. Towards the 
end of the period, the lost materials are regained. The inai stage 
is ripening, during which absorption ceases and losses are resumed. 
It is suggested that these movements of salts into and out from 
the plant may be due to purely physical causes, as low concentra- 
tion of the water extract of the soil occurs simultaneously with the 
movement out from the plant. The results suggest that the normal 
relationship between plhnt and soil is to have a relatively high soil 
concentration in the early stages of growth and a low concentration 
in later stages. 

Reference has been made in earlier Reports to the work of Shive 
and Tottingham, in which it is claimed that plants need not only 
an adequate supply of various nutrient substances, but also some 
kind of relationship or “ physiological balance between the par- 
ticular elements. The data show considerable variations, but the 
ratio of nutrients causing maximum growth is called the optimum 
ratio. This ratio is found to alter with the concentration of the 
nutrient solution; it is not the same at OT, 175, and 4 atmo- 
spheres,'^^ but it is unaffected by the nature of the medium, being 
the same in sand as in water culture. So also it is independent of 
variations in the moisture content of, the sand, and is the same for 
degrees of moistness varying from 40, 60, to 80 per cent, of the 
water-retaining capacity of the sand. It is not, however, constant 
for the whole range of growth of the plant, being different in 
seedling and adult stages, and different for the growth of ^^top” 
and of the roots. 

Closely associated with this conception of physiological balance 
is that- of antagonistic action between ions. Wheat seedhngs are 
adversely affected by sodium chloride and sodium sulphate, but the 
toxic effects are largely overcome by small amounts of calcium 
oxide or calcium sulphate, and to a less extent by magnesium 
sulphate and barium chloride. The lime did not prevent the 
entrance of the sodium salts into the plant; its antagonistic effect 
was therefore not attributable to any reduction of permeability.^^ 

Calcium salts also enable the plant to overcome the harmful 
effects of copper salts, although they do not prevent the entry of 
copper into the plant. It is considered more probable that the 
calcium favours the evolution of the plant, giving it greater vigour, 
and in particular greater volume, into which the copper diffuses, 
thus preventing dangerous accumulation in any one region.^2 

5^0 J. W. Shive, J. Agrh. Bes., 1920, 18, 357. 

J. A. LeClere and J. E. Breafzeale, ibid., 347 ; A., i, 413. 
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Attention has, however, been directed to the possibility that 
certain ions may alter the plasma colloids or the permeability 
of the plant cellsJ^ Ferrons salts are known to be more injurious 
to young plants than ferric salts, and therefore any condition 
which favours their oxidation reduces the toxic effects. It is shown 
that monopotassium phosphate and copper sulphate both have this 
effect. Neither manganese sulphate nor chromium salts were found 
effective as fertilisers.'^® 

The functions of the various nutritive elements are determined 
indirectly. Some work has been done this year on calcium. 
There seems to be a close relationship between the calcium and 
nitrogen content of plants, and the more important crops can be 
divided into two groups: (a) those with low content of calcium 
and nitrogen, a low calcium-nitrogen ratio, and low lime require- 
ments; (b) those with high content of calcium and nitrogen, high 
ratio, and high lime requirement. It is suggested that protein 
metabolism is probably one of the chief sources of plant acids, and 
may give rise to the need for calcium. 

The question whether silicon is necessary for plant nutrition has 
been raised. An artificial calcium silicate was tested against 
calcium carbonate, and found to be in no way superior. It 
appears, therefore, that silicon in this compound is of no advantage 
to the growing crop.^® 

An interesting and entirely novel suggestion as to the function 
of potassium in plants has been brought forward. It is claimed^® 
that the potassium ion may, as regards function, be replaced by 
all the other radioactive elements, heavy or light, provided the 
doses are equiradioactive ; it may also be replaced^ by a free radio- 
active radiation. 

Some attention has been given to the action of copper salts on 
vegetation. It is shown that copper is a frequent, and possibly 
a normal, constituent of plants.®® It is claimed, in spite of 

T. Tadokoro, J. Coll. Agr, Sokhaido. Imp, Univ*, Sapporo, Japan, 1919, 
8, 143; A., i, 685; S, M. Neuschlosz, PJluger's ArcUv, 1920, 181, 17; A,, 
i, 698. 

0. L. Baber, J, gen. Physiol, 1920, 2, 635, 541 ; A,, i, 585, 586. 

L. Maq-uenne andE, Demoussy, Compt. rend., 1920, 171, 218; A., i, 654. 

T. Pfeiffer, W. Simmermaober, and A. Bippel, FiihUngs Landw. Zeit, 
1918, 313; A., i, 652; F. Weis, K. Vet.-Landbohojskole Aarsskrip, 1919 
239; A, i, 652. 

’’ F. W. Parker and E, Tmog, Soil Sci., 1920, 10, 49 ; A., i, 702. ^ 

B. L. Hartwell and F. R. Pember, ibid,, 67. 

’9 H. Zwaardemaber, J. Physiol, 1920, 53, 273 ; A., i, 511 ; PjbugeP a ArcU^, 
1918,173, 28; A., i, 345. 

E. Fleurent and L. L4vi, Bull 8qg. chim., 1920, [iv], 27, 440, 441 ; A.t 
i, 684. 
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previous work to tke contrary, that dilute solutions of copper 
sulpkate added to water cultures have a favourable action on the 
growtli of roots and stems of peas and wHeat.si 
Theoretical discussions have been attempted of the physico- 
chemical basis of the phenomena of absorption and elaboration of 
nutrient salts, and of the effects of these salts on cell division.®^ 

For many years it was supposed that nitrates, phosphates, and 
simple salts of potassium, calcium, magnesium, etc., were alone 
necessary to plant growth, no organic compound of any kind being 
required. Hecently it has been asserted that certain organic 
compounds are helpful, if not necessary, and lead to marked 
increases in growth. The case of ZieTtmcL ma^OT has been studied 
in London; crude nucleic acid derivatives from bacterised peat, 
the growth products from Azotohacter chrococcuTn and Bacillus 
radicicolaj leaf mould, fresh and well-rotted stable manure, and 
well-manured fertile soil ‘all contained water-soluble substances 
which promoted the growth of this organism.84 In California, 
dilute extracts of peat (10 parts in 1,000,000 of water) produced 
a marked stimulation of root growth of citrus seedlings, -which 
could not be obtained with corresponding solutions of sodium 
nitrate or potassium chloride. On the other hand, bouillon pre- 
pared from fresh brewers' yeast, which had been heated to 135° 
and rendered incapable of curing polyneuritis in pigeons, was still 
effective in improving the growth of fungi.^s 
Assimilation . — The ease and rapidity with which the plant in 
sunlight absorbs carbon dioxide and converts it into sugar has 
always been a source of wonder to chemists, who have never yet 
been able to reconstruct the process. 

Support is periodically forthcoming for Baeyer’s old hypothesis; 
it is claimed®^ that formaldehyde can be absorbed by plant leaves 
and transformed into plant tissue. There are, however, difficulties 
in the way of this hypothesis, and another has been put forward, 
which is claimed to be more in accordance with the facts. The 
first stage is supposed to be the isomerisation of carbon dioxide, 

with the formation of a secondary peroxide, 

L. Maquenne and E. Demonssy, Compt. r&nd., 1920, 170, 1642; A,, 
i,684. 

E. Reinau, Zeitsch, MeMrochem., 1920, 26, 329 ; A., i, 799. 

Sp®k, Koll Chem. Beihefte, 1920, 12, 1 ; A., i, .353. 

W. B. Bottomley, Proc, Roy, Soc,, 1920, [B], 91, 83 ; A., i, 266 ; F. A. 
Mockeridge, Biochem. J., 1920, 14, 432 ; A., i, 704. 

85 J. p. Breazeale, J. Agric, Res,, 1919, 18, 267. 

A, Lumi^re, Compt rend.f 1920, 171, 271 ; A., i, 662. 

8’ M. Jacoby, Biochem Zeitech*, 1919, 101, 1; A., i, 800* 
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eliminates oxygen and yields the group which is pre- 


disposed towards condensation. Chlorophyll is assumed to sensitise 
the preliminary isomerisation and to act as catalyst in the final 
condensation.®® 

Another hypothesis®^ is that the carbon dioxide polymerises to 
form tetrahydroxyethylene, and this passes over into the keto- 
f orm : 


0=:rC:=O 

+2H2 

O =: 0=-0 


0 


HO— C— OH 
HO— CJ— OH 


H 

O-O— OH 


HO-C-0 

H 


+ 0 , 


H 

which contains the characteristic sugar grouping HQ-C-O. 

1 f 

The formation of plant acids, sugars, etc., is easily deduced. 

Some of the physical phenomena associated with the process 
have been investigated; the effect of various factors on its 
velocity,®® and the fact that colloidal chlorophyll is much more 
sensitive to light than the natural product, although the sensitive- 
ness can be depressed by various agents®^; and the fluorescent 
phenomena studied by the spectroscope.®® 

The process has also been discussed from the point of view of 
its dependence on the internal pressure of carbon dioxide in 
plants.®® A simpler form of apparatus for the study of photo- 
synthesis has been described.®^ 

From time to time it has been suggested that the growth ofj 
plants ought to be increased by additions of catbon dioxide to the 
atmosphere, and some instances of increase so obtained in a glass- 
house are given.®® Field applications of this method may not be 
feasible, but under glass there may be possibilities worth 
investigating. 

It is usually supposed that nitrogen is necessarily assimilated in 
the form of some simple compound, such as nitrate, ammonia, or 


G. Woker, Pfiuger^s ArcMv, 1919, 176, 11 ; A.^i, 354, 

P. R. K6gel, Zeitsch. imss. Photochem., 1920, 19, 215 ; J.., i, 355. 

0. Warburg, Biochem, Zdtach., 1919, 100, 230 ; 1920, 103, 188 ; A., 
i, 683, 798. 
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E. Reinau, Ohem. Zeit., 1919, 43, 339; A,, i, 128. 
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See also F. Riedel, Stahl und Eisen, 1919, 39, 1497, 
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carbamide,®^ and it is certainly true tbat assimilation usually 
proceeds in this way. Periodically, it has been assumed that 
gaseous nitrogen might be assimilated by higher plants, but the 
possibility has not been taken seriously by physiologists. It is 
known, however, that certain bacteria can effect this assimilation, 
and from gaseous nitrogen and carbohydrates can synthesise cell 
proteins j but these bacteria have no power of synthesising carbo- 
hydrates: they are dependent on pre-formed sources of these 
materials. Moore has made the interesting announcement that 
certain unicellular alg^ possess the power of fixing, not only 
gaseous nitrogen, but carbon also, so that they can by themselves, 
and without pre-formed carbohydrates, construct the whole 
organic contents of their cells.^^ If this result is confirmed, it will 
alter some of the fundamental conceptions of soil microbiology and 
plant physiology. 

The Growth of Flant&: Effect of Light and Temperature . — 
Investigators dealing with the growing plant are soon compelled 
to realise the dominating effect of factors other than the supply 
of plant nutrients. One of the most important is light. The rate 
of growth is directly proportional to the length of the day, and 
this factor also profoundly affects the sexual reproduction of 
plants; in many species the flowering and fruiting stages can be 
attained only when the length of day falls within certain limits, 
for example, in natural conditions only during certain seasons.®® 
In absence of sufficient day length, vegetative growth may continue 
more or less indefinitely, thus leading to the phenomena of 
gigantism; or, on the other hand, under the influence of suitable 
day length, precocious flowering and fruiting may be induced. In 
some cases, a day length was found suitable both to vegetative 
growth and reproduction; an ever-blooming or ever-bearing habit 
was then obtained. By suitable variation of the length of day, it 
was possible to give annuals a perennial habit, or, on the other 
hand, to hasten their processes, so that they would go through 
two cycles of alternate vegetative and reproductive activity in one 
season. Variations in intensity of light had little effect, the 
normal intensity, as shown by H. T. Brown, being more than 
sufficient for the needs of the plant. 

Moisture supply and temperature are equally important factors : 
these have been invoked to explain the stunted growth in wind- 

T. Bokomy, ArcUo, 1918, 172, 466; A., i, 413, shows that 

oarbamide is utiHsable in proper conditions. 

^ B. Moore and T. A. Webster, Proc, Boy, Soc„ 1920, [B], 91, 201 ; A,, 
i, 466. 

88 yy. Garner and H. A. Allard, J. Agrk. Bes.^ 1920, 18, 563. 
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swept districts, evaporation being so marked that tbe plant is 
seriously cooled and deprived of adequate water supply. When 
these factors are made good, wind does little harm to crop growth. 

Of the numerous specialised papers, two may be mentioned. It 
is shown that cereal seeds can withstand dry heat to a tempera- 
ture of 100° for some hours without serious loss of germinating 
power, whilst some of the disease spores affecting seeds were killed.^ 

Studies have been made on somewhat similar lines of wilt- 
producing fungi, temperature having been found which will keep 
them in check without unduly damaging the plant.^ 

Composition of Crops. 

Few problems present greater difficulty than those associated 
with the composition of crops. Farmers grow crops in order to 
sell them, but neither they nor the purchasers know what is in 
them. Little is known of the composition of crops, and, unfortu- 
nately, it is proving very difficult to arouse any interest in this 
or the closely allied subject of quality in crops. 

The oat crop is one of the most important to the farmer, and it 
has* been studied in detail by Berry at the West of Scotland Agri- 
cultural College.^ A mass of analytical data is presented which 
is by far the most extensive hitherto available in this country. 
Various relationships were found between weight and composition 
of the kernel; with the thin, husked, white grains, as the kernel 
increased in weight the proportion of husk decreased, the oil and 
fibre diminished, whilst the carbohydrates, the yield of grain, and 
the |)roportion of grain to total produce increased. It is an 
important practical observation that the yield per acre is associated 
directly with the average size of individual grains, whilst the 
production of straw varies in the opposite direction. 

The composition of the grain was affected by variation in organic 
matter content of the soil, for example, ploughed-up grassland and 
arable land, but season produced comparatively little effect, and 
artificial fertilisers still less. Locality, however, had a marked 
effect. 

Investigations on the wheat crop on somewhat similar lines have 
been made at the University of Manitoba.^ In an important 
paper it is shown that the protein content of wheat is much affected 
by climatic factors, by restriction of water supply, and by varietal 

L. Hill, Proc. Roy,. Soc., 1921, [B], 92, 28. 

^ D. Atanasoff and A. G. Jobnson, J. Agric. Res., 1920, 19, 379. 

^ H, A. Edson cmdM. Shapovalov, ibid., 18, 511. 

® !lfe. A. Berry, J. Agric. JSci., 1920, 10, 359. 

^ H. E. Eqlaerts, JT. Agric. Res., 1920, 10, 121. 
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factors. In breeding new varieties for general purposes, it is 
suggested tbat strains sliould be sougiit wliicli vary greatly in tbeir 
protein content, since a wide starch-protein ratio would probably 
mean greater climatic adaptability. For restricted areas, how- 
ever, wheats of maximum protein content should be sought. The 
reduction of protein subsequent on irrigation can be largely 
counterbalanced by introducing lucerne into the rotation.^ 

Plant Constituents. 

Constant additions are being made to the long list of plant con- 
stituents, and little more than the briefest reference is possible 
here. Until the function of a substance is known, the mere fact 
of its presence is not necessarily of much physiological interest. 

Cellulose, Lignin, etc. — These substances constitute the larger 
portion of the material of the plant structure, and steady progress 
is being made with the knowledge of their constitution.® Perhaps 
the most important paper on this subject is a critical discussion 
of the constitution of cellulose.^ Lignin has also been the subject 
of investigation; it has received the formula C4OH40O11, and is 
supposed to be built up from pentoses.® 

Plant Pigments. — Flavones are yellow pigments; those obtain- 
able from the tulip ^ and from Rhus^® have been studied. 

Anfhocyanins are formed from flavones by reduction. The red 
pigment of the young leaves of the grape vine is regarded as 
identical with oenidin, the anthocyanidin derived from the pigment 
of the purple grape. This is the first instance recorded in which 
the red leaf pigment is an anthocyanidin.^^ 

Members of the beet-red group of anthocyanins have been found 
in the skins of fuchsia and cacti berries, and in the petals of scarlet 
cactus flowers. 

Anthocyanins are further reducible to leuco-bases. 

The tinctorial properties of a number of the anthocyanins have 
been studied.^® 

® J. S. Jones, C. S. Cohen, and H. P. Fishbnrn, J. Agric. Sci., 1920, 10, 290. 

® P, lilason, Arhiv Kem. Min. Geol., 1917, 6, No. 15 ; A., i, 148. 

K. Hess and W. Wittelsbach, Zeitsoh. BleUrochem., 1920, 26 , 232; A., 
i, 532. 

® P. Klason, Arhiv Kem. Min. Ghol., 1917, 6, No. 16 ; A., i, 148. 
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Sugars and Other Garhohydrates. — An improved method for 
detecting dextrose in plants has been described.^^ Both gentianose 
and sucrose have been detected in the roots of Gentiana cruciata 
and G. ^urfurea}^ 

Primeverose has been isolated from Primula officinalis) it is a 
biose formed by combination of a molecule of dextrose and a mole- 
cule of xylose, and it has a free aldehyde gronp.^® 

Inulin is the storage product in some plants, notably the arti- 
choke. It does not occur in the leaves, but is formed in the stem 
and the tuber, presumably from the dextrorotatory carbohydrates 
supplied to the leaves. 

Odorous Constituents. — ^The odorous constituents of apples have 
been found to consist essentially of the amyl esters of formic, acetic, 
and hexoic acids, with a very small amount of the octoic ester, 
and, in addition, acetaldehyde, and probably some free acid.^s 
Proteins. — Osborne has continued his work on plant proteins, 
and has turned to the difficult problem of the leaf proteins, spinach 
being selected for examination. At least 40 per cent, of the total 
nitrogen of the leaves was found in the form of colloidal protein, 
which, however, may be in some form of combination with a sub- 
stance of pentosan nature. A nearly colourless protein was, how- 
ever, obtained.^2 

Two globulins and an albumin have been extracted from the 
Georgia velvet bean .20 Globulins have been extracted from the 
coconut {Cocos nucifera) and the Jackbean {Canavalia ensi- 
formis)^^ whilst phaseolin has been studied, 2 ® and also the proteins 
of polished rice.^^ 

Alkaloids. — Nicotine is not present in the seed of tobacco; it is, 
indeed, harmful to germination, but it appears in the young plant 
immediately the chlorophyll begins to function, and it originates 
in the leaves. In case of injury, for example, cutting, the alkaloid 
is produced in increased quantity in the adjoining tissues. It is 
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supposed, therefore, that nicotine is elaborated by the plant from 
certain residues of the nitrogen katabolism, either to prevent 
accumulation of these residues or to utilise them with intensifi- 
cation of their harmfulness in defence of its organs. 

Lyoorine, C16H17O4N, has been found in various plants of the 
order Amaryllidacese.^® 

Hydro gen Cyanide. — Considerable technical importance attaches 
to the occurrence of hydrogen cyanide in plants. This substance 
usually occurs in glucosidal combination, as in bitter almonds, 
cherry laurel leaves, seeds of Phaseolus lunatus, etc. It may also 
occur, however, in non-gluoosidal form, in the buds of the cherry 
laurel and the young leaves of Samhucus niger.^'^ 

Enzymes. — It is not proposed to discuss here the general 
problem of enzyme activity, but reference must be made to one 
paper. The peroxydasic function in plants, which appears to be 
shown by living cells only ,28 and is usually attributed to enzymes, 
now appears to be due to iron compounds, katabolic products of 
more complex compounds, such as nsematoids, which, in virtue of 
their physical state, are able to aot between the oxidisable 
substances and the peroxides.^^ E. J. Eussell. 

25 L. Bernadini, AUi E. Accad. Lineei, 1920, [v], 29, i, 62 ; A., i, 412. 
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CRYSTALLOGRAPHY AND MINERALOGY. 

The striking renewal of activity in the subjects under review in this 
Report is all the more gratifying because they were among the first 
to suffer from the outbreak of war. The volume of work to be noted 
is, indeed, so considerable that space will not allow some investi- 
gations to be treated in accordance with their intrinsic merits. This 
is especially the case perhaps in the province of crystal-structure. 
In the first place, there are to be noted two books of more than 
ordinary value. The one by Niggli^ not only contains a full and 
clear account of all the point-systems, but also brings the subject 
up to date in the light of JT-ray methods and results. Sommerfeld's 
book 2 is more general, covering, in fact, recent developments in a 
wide field of physical discovery and interpretation, to which the 
study of crystals has contributed so powerfully. Then there are two 
important contributions to the related subjects of atomic distances 
and volumes, and also many successful reconstructions of crystals, 
all of which will receive due notice. On the other hand, an ingeni- 
ous development of X-ray technique ^ must be disposed of here some- 
what summarily. The method depends essentially on the study of 
a sequence cf Laue photographs, the crystal being turned through a 
known number of degrees, by the help of a special tvro-circle gonio- 
meter, between the various exposures. The photographs are then 
analysed by the help of a new instrument termed a cyclometer,^' 
and the direction of a structural plane of symmetry, if such be 
present, is thereby located, Eresh exposures on the goniometer 
lead to a determination of the X-ray class of symmetry,” that is, 
the real class to which has been added a centre of symmetry ; and a 
set of crystal-elements can also be deduced. In other words, the 
investigation can be evidently carried to the same stage as is custom- 

^ P. Niggli, “ Geometrisch© Krystallographie des Diskontinuums,” 1919, 
a hook that arose from an anal 3 rtical investigation of the cubic-point system 
by the same author, Jahrh, Min. Beil-Bd., 1919, 43, 1. 

® A. Sommerfeld, “ Atombau und Spektrallinien.** 

^ R, Gross, Omir. Mm., 1920, 52. 
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ary by orthodox geometrical methods, but the crystal need have no 
plane faces. The method has already been applied to crystals of 
tungsten,^ and also, without an actual publication of details, to tri- 
dymite and haemoglobin. 

What appears to be a final determination of the symmetry-class of 
the mineral benitoite may well be mentioned here, as illustrating 
the meaning of the term X-ray class of symmetry. According to 
F. Binne,5 there are only three symmetry-classes which are worthy 
of a consideration: (1) trigonal equatorial, (2) ditrigonal equatorial, 
and (3) ditrigonal polar, each of which by addition of a centre of 
symmetry happens to lead to a distinct class, namely, (1) hexagonal 
equatorial, (2) dihexagonal equatorial, and (3) dihexagonal alter- 
nating. Laue photographs of homogeneous portions of a crystal 
unmistakably rule out the first and third alternatives, and benitoite 
is accordingly the first representative of the ditrigonal equatorial 
class. 

Theoretical discussions of the finer details of crystal structure are 
becoming more frequent. The effect of various possible types of 
electronic arrangement on the general symmetry of the diamond, 
rock-salt, and sylvine has been worked out by H. Thirring.® With 
regard to the much-vexed question of the chemical aspect of crystal 
structure, opinion would seem to have taken a welcome, if belated, 
turn in the German literature — perhaps on account of Willstatter's ^ 
expressed opinion that the disappearance of the molecule in a crystal 
cannot be reconciled with the immense body of well-established facts 
of organic chemistry. Two papers by A. Eeis ® are also suggestive 
in this connexion. An allusion may also be made here to the impor- 
tant work, which has been carried on during the last twenty-five 
years, on the behaviour of crystals to infra-red radiation — ^work that 
is disseminated in various journals and worthy of a complete Beport 
in itself. In a sense, the work has more chemical interest than 
X-ray work, for infra-red radiation would seem to be a molecular as 
opposed to an atomic probe. All carbonates, for example, exhibit 
an intense reflection for infra-red rays of a specific wave-length, no 
matter whether they are in the state of fusion, solution, or crystal. 
Quite recently there have been numerous attempts to correlate th-e 
extreme wave-lengths (residual rays — “ Reststrahlen ”), selectively 
reflected by crystals, with the elastic and other constants. An im- 
portant paper by H. Rubens and H. von Wartenberg ® is the key to 

^R. Gross and N. Blassman, Jdhrb. Min, Beil-Bd,, 1919, 42, 728. 

5 Centr, Min., 1919, 193. 

8 Phydlcal Zeitsch., 1920, 21, 281 ; A., ii, 477. 
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some of the earlier papers. Some supplementary references to 
more recent papers may be useful to those who are interested. It 
must be noted that the conclusions about fluorspar are vitiated by 
an arithmetical mistake. An early publication of the new compu- 
tations is promised. 

As the portion devoted to Mineralogy is supposed to cover a 
period of three years, it will be realised that no space can be 
allotted to the results of chemical analysis and descriptions of new 
mineral species; further, that little attention can be devoted to 
what may be termed the observational side of the science. Fortun- 
ately, these aspects are already well cared for in special journals. 
A recent list of new minerals, for example, has been given by 
Spencer, and a new venture on the part of the Mineralogical 
Magazine — the publication of abstracts — would seem to be justified 
by results. Several important American investigations of mineral 
systems are to be noted, which emphasise the desirability of the 
foundation on this side of something of the nature of a Petrophysi- 
cal Institute; which, without being an exact copy of the American 
original, could fruitfully co-operate with it in the advancement of 
pure and applied science. Without some such centre there are 
almost insuperable difficulties in the way of any serious European 
contributions to experimental mineralogy, for the problems there 
involved require such special resources as are scarcely within the 
power of a University laboratory to provide. One department of 
such an Institute might well be devoted to the manifold chemical 
problems connected with crystals. The future of crystallo-chemical 
analysis, in particular, would seem to require something more than 
the spasmodic support of individuals. The simplification of the 
method, and the reduction to a unified system of the numerous 
compounds described within the last six years, not to speak of the 
limitless compounds of the future, would require some form of 
organised effort. Chemists could then be encouraged, not only to 
send their new crystalline compounds to be investigated and regis- 
tered, but also to expect help, as a matter of course, in the identi- 

H. Rubens, Ber, Deut phydhal. Ges., 1915, 17, 315 ; Sitzungsber. Prmss. 
AM. TFw. Berlint 1917, 43 ; H, P. HoUnagel, Physical Rev,^ 1918, 11, 136 ; 
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fication of complex products of reaction, especially in those cases 
in which they are hampered by a paucity of material. 

Atomic Distances and Volumes. 

Two recent attempts to carry our knowledge of atomic volumes 
beyond the stage represented by Lothar Meyer’s well-known curve 
would seem to indicate substantial progress towards a solution of 
the simpler problems connected with this most difficult subject. 

The first paper to be noted deals not so much with volumes as 
with atomip distances in crystals. As a result of a critical survey of, 
the numerous structures which have been successfully determined 
by various Z-ray workers, W. L. Bragg 12 finds that the distance 
between contiguous atomic centres of any given pair of elements, 
A and is almost constant for all crystals. Now, if the atoms be 
regarded as spherical, this distance can be regarded as made up of 
the sum of the radii of the two atoms, and if the radius of atom A 
be known then the radius of atom B can be obtained by subtrac- 
tion. In this way, by making use of the Z-ray data referring to 
such crystalline elements as carbon, silicon, and various metals, the 
author is subsequently able to deduce preliminary values for the 
atomic radii of such elements as oxygen, nitrogen, sulphur, and the 
halogens, which have so far only been investigated in the form of 
compounds. These preliminary estimates are then mutually 
adjusted by an elaborate series of cross-checks, the result being a 
table of mean radii or diameters, in agreement as a rule with indi- 
vidual observations within the limits ±10 per cent. Further, it is 
possible to deduce diameters for certain other elements from com- 
parisons of the molecular volumes of isomorphous substances. The 
results are given in the form of a curve (with atomic diameters 
plotted against atomic numbers), which is here reproduced as far as 
the element strontium (see Fig. 1). It is seen that the diameters, 
as thus deduced from the established structures of crystalline 
elements and compounds, are of the same periodic character as the 
so-called atomip volumes of the Lothar Meyer curve. (Paren- 
thetically, it may be here added that the ionic radii for the halogens 
and alkali metals have been deduced in another way by A. Lande,^^ 
who attributes a greater radius to a halogen ion than to an ion of 
the alkali metal immediately following it in the list of the elements. 
A similar view is held by K. Fajans.^^ This want of agreement 
between Bragg and Lande and Fajans cannot be discussed here, as 
th^ more important of the German papers are not available.) 

Phil Mag., 1920, fvi], 40, 169 ; A., ii, 537. 

Zeitsch. Physih, 1920, 1, 191 ; A., ii, 640. 

Ibid., 2, 309 ; Zeitsch. ElektrocUm., 1920, 26, 602. 



202 ANNUAL REPOBTS ON THE PROGRESS OF CHEMISTRY. 

Bragg’s paper must be consulted for a discussion of the physical 
significance assigned to these diameters. The immediate object 
would seem to be strictly practical. The way of regarding the 
atoms as spheres packed tightly together is useful in constructing 
models of crystalline structures . . . and, it is hoped, will help in 
future investigations ... by limiting the number of possible 
arrangements.” An example of this practical usefulness will be 
given below under csesium dichloroiodide. The writer would also 
mention that the application of the method to the cassiterite group 
.and to anatase^^ points to the need of a revision of the models 
which have hitherto been offered. 

The second investigation refers to the volumes of elementary 
atoms. Setting out from the current view that the elements typi- 
fied by sodium, magnesium, aluminium, and silicon respectively 
possess 1, 2, 3, and 4 outer electrons, and a corresponding effective 
Fig. 1. 



number of positive charges on the nucleus, Sommerfeld examines 
the attractive effects of these successive increases in nuclear charge 
on the radius of the outer electronic ring, and he deduces that the 
atomic radii of the four elements specified should exhibit the ratios 
1 : 0*57: 0’42 : 0*33. He also points out (as will bfe indicated pre- 
sently) that these values are in fair agreement with the values 
obtained by dividing atomic weight by specific gravity. Now W. L. 
Bragg has emphasised the fact that the structural details of a 
crystal must be taken into account j that the packing of spherical 
atoms is closer in sOme elements than in others; in other words, 
that the old meaning of atomic volume is of the nature of a fiction. 
It is therefore interesting to bring into the comparison the values 
of the true absolute volumes (for which the writer is r^ponsible), 

Ann, Beports, 1917, 14. 233. 


A. Sommerfeld, op, cit,, 106 . 
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and also their ratios. The various results are embodied in the fol- 
lowing table. 


Table of Volume Constants. 

Na. Mg. Al. Si. 

Hull’s absolute distances (2r) 3*72 3-22 2-86 2-35 x lO-s cm. 

True absolute “ spherical” volumes.. 26*9 17‘5 12-2 6*79 x 10"^^ c.c. 

True atomic- volume ratios 1-00 : 0*65 : 0-45 : 0*25 

Sommerfeld’s theoretical ratios 1-00 : 0'57 : 0-42 ; 0*33 

Sommerfeld’s cited ratios 1-00 : 0*57 : 0*41 : 0*51 

It is seen that the true atomic-volume ratios are in general agree- 
ment with Sommerfeld’s theoretical values, and do not exhibit the 
great discrepancy 0*51 with respect to silicon — an apparent but not 
a real anomaly, W'hich is simply due to the relatively open packing 
of the silicon (or diamond) structure. The general agreement is no 
doubt due to the relative simplicity of the problem of atomic 
volumes in the particular case of chemically uncombined elements.* 

Recent Structural Models. 

In view of the novelty and high degree of importance attached 
to the X-ray method, an attempt has always been made in these 
Eeports to give complete lists of those models which appear to be 
well established. This custom will be adhered to on the present 
occasion. 

Some Cubic and Hexagonal Elements and Compounds. — There 
are some fifteen substances which <5kn be disposed of in the form 

* A brief note on the more salient aspects of atomic volumes in compounds 
may not be out of place. It might seem at the outset that the conversion 
of W. L. Bragg’s absolute “ atomic diameters ” into corresponding spherical 
volumes (whereby the fluctuations naturally become of the order + 30 per 
cent.) might throw light on' such a perplexing problem as the undoubted 
volume equality of ammonium and rubidium compounds — a problem to 
which neither atomic weights nor atomic numbers bring any solution. 
Now the radius of the ammonium radicle can scarcely be greater than the 
sum of the radius of nitrogen and the diameter of hydrogen. As the latter 
diameter is generally accepted by physicists to be 10~® cm., the radius of the 
radicle comes out to be l-65( X 10~® cm.), which is much lower than 2*25, 
the radius of the rubidium atom. The corresponding spherical volumes are, 
of course, much further away from the expected ratio 1 : 1, being by calcula- 
tion in the proportion 1 i 2*5. The nearest interpretation of this discrepancy 
is that an initially spherical or (as some mathematical physicists prefer) 
cubical atom suflers a deformation on entering into chemical union ; but the 
obvious difficulties which stand in the way of any precise definition of the 
new shapes, added to the possibility that atoms may change their volume 
on combination owing to a rearrangement or an actual transfer of electrons, 
would seem to demand the discovery of new methods of experimentation 
before real progress can be made. 


H* 2 
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of a table. With, tbe exception of thorium and nickel (determined 
by'H. Bolilin),i7 all the values given below are due to Hulb^s who 
says, apropos cobalt : A finely powdered sample produced by rapid 
electrolysis showed a mixture of cubic and hexagonal close-packing 
in nearly equal ratio. After annealing in hydrogen at 600°, this 
sample showed only the cubic form. Another sample, composed of 
filings from pure cast metal, showed slight traces of hexagonal pack- 
ing, due presumably to straining. It is possible that the other 
close-packed metals will behave in a similar manner, but this ques- 
tion has not been studied.’' According to Hull, ductility in a 
metal is a result of a face-centred cubic arrangement. 

Table of some Cubic and Hexagonal Structures. 

Distance be- 



Arrangement 

Grating distance 

tween atomic 


of atoms. 

of cube planes. 

centres. 

Cobalt (dimorphous)... 

Face-centred cube 
(cubic close- 
packed). 

1-785 Xl0~8 cm. 

2-52x10-8 cm. 

Thorium 

Do. 

2-56 

3-62 

Nickel 

Do. 

1-766 

2-50 

Rhodium 

Do. 

1-91 

2-70 

Platinum 

Do. 

2-01 

2-85 

Chromium 

Centred cube 

1-466 

2-52 

Molybdenum 

Do. 

1-676 

2-73 

Magnesium 

Hexagonal close- 
packed. 

— 

3-22 

Zinc 

Do. 

__ 

2-84 

Cadmium 

Do. 

— 

3-15 

Cobalt (dimorphous).. 

Do. • 

— 

2-53 

Lithium fluoride* 

Simple cube 

2-01 

2-01 

Sodium fluoride* 

Do. 

2-31 

2-31 

Potassium fluoride* 

Do. 

2-69 

2-69 

Magnesium oxide* .. 

Do. 

2-11 

2-11 


* In these four cases the arrangement of like. atoms is, of course, given by 
the face-centred cube. 


Antimony }-^ — The nature of this structure is perhaps best grasped 
as follows. Suppose the familiar rock-salt cell, of Fig. 2, be set up 
with a solid diagonal vertical and then extended along it until the 
original cubic 90°-angle has attained the value 92° 53^ The edge 
of the cell must now be taken to be 3*10 x 10“® cm.; the correspond- 
ing length of the vertical diagonal is 5*64. Now let the centres 
of the chlorine atoms be shifted through a vertical distance of 0*42 
(exaggerated in Fig. 3), and finally suppose all the atoms to be re- 
placed by antimony ; the result is the antimony structure, which is 
the first example among elements of a ‘'hexahedral" structure, that 

Ann. Physih, 1920, [H], 61, 421 ; A., ii, 214. 

A. W. Hull. Proo. Amer, Inst. Electrical Engineers, 1919, 38, 227. 

R. W. James and K. Tunstall, Phil Mag., 1920, fvi], 40, 233 ; A., ii, 548. 
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is, one in wliich eacli atom is closely environed by six other atoms. 
In all previous cases of elementary substances the environment has 
always been tetrahedral, octahedral, or dodecahedral. 

Zincite, ZnO. — The crystal structure of this well-known dihexa- 
gonal polar mineral provides one of the few cases in which a verbal 
description is better than a diagram. Isomorphous with green- 
ockite, CdS, and wurtzite, ZnS, it exhibits an interesting structural 
contrast to the commoner form of zinc sulphide — zinc blende. In 
both minerals the zinc atoms are essentially arranged in accordance 
with the principle of close-packing, the difference being that in zinc 
blende the “ cubic ” style of close packing is affected, in zincite the 
'' hexagonal ” style. In both structures the zinc (or cadmium) 
atoms are environed tetrahedrally by the sulphur (or oxygen) atoms. 


Fig. 2. Fig, 3. 



0=Na,#«Cl. 


The absolute vertical distance in zincite between successive layers 
of similar atoms is 2*60, whilst the horizontal interval between 
adjacent atomic centres is 3*22. It is of interest to recall the fact 
that E. S. Fedorov 21 showed that two different structures are recon- 
cilable with the preliminary observations recorded in W. H. and 
W. L. Braggs’ well-known book, one of them demanding atomic 
polarity, the other being the structure finally adopted by W. L. 
Bragg. 

The Oalcite Group.— An. X-ray study that has some bearing on 
the question of the existence of groups of atoms in crystals we owe 
t«> E. W. G. ■W'yckoff,22 ^}xo has subjected calcite, rhodochrosite, 
chalybite. and magnesite (as also sodium nitrate to an investiga- 
W. L. Bragg, Phil Mag., 1920, [vi], 39, 647 ; A., ii, 433. 

Bull Acad, Sci. Fetrograd, 1916, 10, 377. 
aa Amer. J. Sci., 1920, [iv], 50, 317. 

Physicai Pcv., 1920, [ii], 16, 149 ; A,, ii, 756. 
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ticn by the Nisliikawa method— essentially an ingenious combina- 
tion of the Lane and de Broglie methods. The nature of some of 
these compounds has been previously elucidated by W. H. and 
W. L. Bragg, who explained their results in terms of a face-centred 
lattice, but the structures are, perhaps, best visualised as being 
the sodium chloride structure, which has been deformed along a 
three-fold axis until the cleavage cube has acquired the angles of 
the cleavage rhombohedron, the sodium and chlorine atoms being 
then regarded as substituted by calcium atoms and carbonate groups 
respectively. An inspection of Fig. 4 (which is drawn true to scale) 
will show that triads of oxygen atoms are relatively close to indi- 
vidual carbon centres. The main result of the new investigation is 
to show that these triads are at a constant distance of 1*22 Ang- 
strom units from their corresponding carbon atoms, although all 
other atomic distances vary considerably in passing from one car- 


Fio. 4. Fia. 5. 



bonat© to another — the distances between adjacent carbon and 
metallic atoms, for example, being 3*04 and 2*83 A.IT. in calcium 
and manganese carbonates respectively. This can be interpreted as 
evidence of the persistence in the crystal structure of the CO3- 
groups, the internal details of which are, so to speak, no concern 
of the externally placed metallic ion. 

Caesium Bichloroiodide, CsCflgl- — elucidation of this rhombo- 
hedral substance has been successfully accomplished by the same 
author 24 by means of the Nishikawa method. The lattice can be 
regarded as derived from the rock-salt type of structure, by a com- 
pression along a three-fold axis, until the cubic 90® angle his 
acquired the rhombohedral 80® 12^ value. The absolute dimension 
of this vertical length is 6'06x 10~8 cm.; caesium and iodine atoms 
are placed alternately at the corners- A chlorine atom is located 

3 * R. W. a. WyokoR, X Amer, Qhm. Soc,, 1920, 42, 1100 j A., ii, 489. 
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on th© principal axis of this cell at a distance equal to 0*62 timSss 
the cell-diagonal, from either the csesium or the iodine atom.* The 
origin of this ambiguity lies in a circumstance peculiar to the 
chemical composition; the reflecting powers of the horizontal strata 
of csesium and iodine atoms are approximately equal (on account of 
the close atomic weights or numbers of the elements concerned), and 
the strata are accordingly indistinguishable from each other by 
means of X-rays. . . , The writer therefore thought it would be 
interesting to examine the two questions : (1) whether the structure 
as determined by Wyckoff is reconcilable with W. L. Bragg’s values 
of atomic diameters, and (2) whether the application of these 
atomic diameters serves to remove the ambiguity concerning the 
position of the chlorine atoms. The answers to both these ques- 
tions would seem to be emphatic affirmatives. Figs. 6 — 7 represent 

Fig. 6 . Fig. 7. 




vertical elevations on the plane (110), In Fig. 6 W. L. Bragg’s 
mean values, Cs=4‘74; 1 = 2*80; Cl = 2'10, have been adopted; 
although there is a slight interpenetration of the iodine and chlorine 
spheres of influence, the spacial accommodation for the varipus 
spheres can be regarded as satisfactory. This interpenetration can 
be avoided and the general fit improved, without tampering with 
Wyckofl’s data, if some such amended values as Cs = 5*36, 1=2*70, 
and 01 = 1*90 be adopted (compare Fig. 7). In both figures the 
chlorine-centres have been taken as lying nearer to iodine than to 
cesium; if the chlorine-centred lay nearer to csesium, they would 
fall inside the csesium atoms. 

* Since each of the corner-atoms of the ceU is really common to eight 
cells in an infinitely extended structure, and since the chlorine e<toru belongs 
wholly to the cell illustrated, it follows that th® total cell-composition is 
|{0sj4)01, which is equivalent to CsICh* 
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Physical Crystallography. 

This important branch of physics is poorer by the loss of Professor 
W. Voigt, of Gottingen, so celebrated for his experimental 
researches in elasticity and the many other abstruse properties of 
crystals requiring a highly mathematical treatment. 

Electrolytic Conduction . — The many experimental difficulties 
which have long stood in the way of an exact study of electrolytic 
conduction in crystals have been recently overcome by Tubandt,25 
who has thereby opened up a new field of investigation (the abstract 
must be consulted for an account of the general method of experi- 
mentation). Since the specific conductivities of the compounds 
examined are very low at ordinary temperatures, the experiments 
were carried out in a stream of an indifferent gas at as high a tem- 
perature as practicable. This immediately led to the interesting 
observation that the specific conductivity of the cubic form of silver 
iodide (stable above 144'6°) is 3000 times as great as in the case 
of the hexagonal modification (both measured near the transition 
temperature), and if the measurement be effected close to the 
melting point the value is actually much higher for the solid than 
for the fused substance. Crystals of silver chloride, bromide, and 
iodide were found to behave as unidirectional electrolytes, permit- 
ting freely the migration of silver ions (in amounts which rigor- 
ously obey Paraday’s law), but preventing all movement of halogen 
ions in the reverse direction. Lead chloride, however, behaves in 
exactly the opposite way, the negative chlorine ions migrating 
freely. The author points out that these trustworthy results of 
careful experiment are difficult to reconcile with a view that the 
crystal ions of binary compounds are held in equilibrium by elec- 
trostatic forces. The investigation of silver sulphide, of which 
there are two forms, ^ ^ (179°)a, revealed a new point of interest. 
The high temperature a-modification behaves just like the halogen 
salts of silver, but with the j8-form there is simultaneously an elec- 
tronic conduction in the opposite direction, so that the crystal 
exhibits both electrolytic and metallic conduction. The author is 
disposed to refer this to the presence in the jS-form of two kinds 
of molecules. 

Ultramicroscopic Inclusions in Crystals . — ^It will be remembered 
that inorganic ultra-microscopic “ colloidal particles have been 
definitely proved to be crystalline by the use of the Debye-Scherrer- 
Hull method of X-ray exploration.^® The inv^tigation of minute 

0. Tubandt, Mitt. Naturjofsch. Ges. Halle, 1917, 4, 21 ; 0. Tubandt and 
is. Eggert, Zeitsch. anorg. Ohem., 1920, 140, 196; A., ii, 279 ; 0 . Tubandt, 
Zeitach. BMtroohem., 1920, 26, 360. «« Ann. Beports, 1919, 16, 197. 
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particles in crystals by tlie lielp of the iiltramicroscope is now pr( 5 - 
ceeding. The beginnings of this work apparently lie in a suite of 
papers 27 on the nature of metal-fogs in crystals. It has been found 
that absolutely pure crystals of lead chloride, silver chloride, and 
bromide (that is, crystals of the ordinary substances which have 
been recently treated with halogen to transform any trace of free 
metal into haloid) are ultramicroscopically transparent. If this 
material is melted and treated with a trace of free metal or of a 
reducing agent like potassium cyanide, a metallic fog is produced 
in the re-solidified material. Novel results are obtained in the case 
of lead chloride, for owing to the strong double refraction of the 
crystal each speck of light, arising from an ultramicroscopio par- 
ticle, is doubled and plane-polarised. Thallium chloride and 
bromide could not be obtained clear, since they cannot be treated 
with halogen without the formation of higher haloids. 

The method has been more recently applied 28 to a study of the 
origin of opalescence in mixed crystals of sodium and potassium 
chloride, occasionally erupted by Yesuvius. The previous investi- 
gation of the binary system, NaCl~KCl by Nacken ^ was, of course, 
invaluable. The opalescence is due to a separation of the two 
components consequent on the temperature falling below the point 
of complete miscibility for a given mixture. It was instructive to 
observe the process in laboratory products of various compositions, 
as it gradually unfolded itself under the ultramicroscope. The 
crystal becomes doubly refracting, due to strains; then the sepa- 
rated particles reveal their existence, and finally strains and the 
double refraction disappear. The author proposes to attack the 
system orthoclase-albite, in which a primary homogeneous mixed 
crystal (“ anorthoclase '’) will no doubt eventually yield a micro- or 
cryptoperthitic structure. 

Specific Eeats of Minerals. — A. monumental research on the 
specific heats of the various modifications of silica and of the more 
important silicates has been published by White, who within the 
last few years has greatly improved the general technique of high 
temperature measurement. The constants directly determined were 

interval-specific heats, that is, average specific heats over such 
ranges of temperature as 0 — lOO'^, 0 — 300®, 0 — 500°, and so on. 
From these values the specific heat at any desired temperature was 
deduced by two new methods, which gave perfectly consistent 

2’ B. Lorenz and W. Eitel, Zeitsch. anorg. Chem., 1915, 91, 46, 57, 61; 
A., 1916, ii, 260. 

28 W. Eitel, Oenir. Min., 1919, 173. 

29 B. Nacken, Sifmngsher. Preuss. AM. Wiss. Berlin, 1918, 192 ; A., 
1919, ii, 281. 

W. P. White, Amer. J. Soi., 1919, [iv], 47, 1 ; A., 1919, ii, 133. 
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TOSTilts, and this when multiplied by the factor Min (where M is 
the molecular weight, and n the number of atoms in the molecule), 
finally yields the mean atomic heat. At the .ordinary tempera- 
ture the value of the last-mentioned constant is of the order 3*3 for 
silica and 3-75 for silicates; it increases with rise of temperature, at 
first quite rapidly and then more gradually as it approaches a 
limiting value in the neighbourhood of 6 * 0 . The results will no 
doubt have great significance in the future study of certain geologi- 
cal processes, but it may be noted that they have already an 
important bearing on various questions of great theoretical interest. 
The atomic heat at constant volume, for example, can be computed 
from the observed atomic heat at constant pressure by the help of 
a well-known thermodynamic formula, involving compressibility, 
thermal expansion, and density, but the computed value for cristo- 
balite (according to IFenner the stable modification of silica above 
1470°) cannot be reconciled with generally accepted theoretical 
ideas, which must accordingly rest on a faulty basis. Moreover, 
the results obtained from a study of the various modifications of 
silica can be used as a test of the reasonableness of Smits’ theory 
of dynamic allotropy ,^2 and as a result of his painstaking work of 
precision the conclusion is drawn by White that it is possible to 
over-estimate the value of that theory. 

Oftics . — Attention must be called to a paper on the general 
optical properties of amyrolin, CJ 4 H 12 O 3 . This monoclinic substance 
exhibits an abnormally high birefringence (apparently only 
exceeded by calomel), and is also very noteworthy on account of a 
strong dispersion of the conical refraction. Two papers by A. 
Ehringhaus®^ on the dispersion of the birefringence of many 
substances are also worthy of a careful perusal. 


Com'parative Chemical Crystallografhy, 

The progressive nature of the effects produced by a mutual sub- 
stitution of the elements potassium, rubidium, and caesium, as well 
as the close similarity of rubidium and ammonium compounds, 
which has been largely emphasised by Tutton’s investigations dur- 
ing the last thirty years, is now so well known that it is only 
necessary to place on record a recent paper by this indefatigable 
worker dealing with the compounds typified by the fori^ula 

C. H. Fenner, Trans, Soc. Glass Technology, 1919, 3, 116. 

Ann, Reports, 1914, 11, 258. 

H. Rose, Jahrb. Min., 1918, 1 ; A., 1918, i, 266. 

3^ Xm,, Beil-Bd., 1916, 41, 342 ; 1920, 43, 557. 

A. E. H. Tntton, Proc, Roy. Soc., 1920, [A], 98* 67 ; A., li, 690. 
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E2Cti(Se04)^,6H20. There are also two papers to be noted refers 
ring to series of organic compounds. The first, by A. Bies ,36 deals 
with an extensive series of mono-, di- tri- and tetra-alkyl deriv- 
atives of ainmoninni picrate, some of which have been previonsly 
examined by Jerusalem. The main results of this work are two in 
number: first, the prevalence of polymorphism in organic com- 
pounds (many of the substances appearing in three or four forms), 
and secondly, the regularity with which one of the modifications of 
every tetra-substituted picrate is either strictly hexagonal or 
pseudo-hexagonal. The theoretical interpretation of this regu- 
larity would have been easy if the substances concerned had been 
tri-substituted. The second paper deals with the series of com- 
pounds, typified by the general formula B4N*Hgl3, in which E 
represents various alkyl, aryl, or alphyl groups. One result is to 
prove that the racemic compound, <iZ-Eh(CH2ph)MeEtNHgIg, is 
isomorphous with the corresponding diethyl compound, which 
necessarily consists of identical and symmetrical molecules. Perhaps 
the most noteworthy features of the paper, however, are the omis- 
sion of all computed angles, as being unnecessary to any future 
purpose, and also the description of the methods devised in recent 
years, which serve to reduce the routine work of crystal description 
to about one-third of that formerly required. 


Methods of Investigating Oimgue Substances. 

Although opaque minerals are not relatively very numerous, they 
represent a highly important class of compounds, if only because 
of their supreme economic value. In the past the identification of 
opaque compounds has had to depend on such simple physical tests 
as density, cleavage, hardness, and streak (supported by the 
methods of chemical analysis), since the ordinary optical methods 
are only applicable to transparent substances; but in recent years 
more and more attention has been paid to those special microscopic 
methods introdxxced by Sorby, which have been developed more and 
more in connexion with metallography. This technique has been 
applied to minerals (notably in America). The new method has 
been recently expounded in at least two books,®®* and a general 
account, together with a most valuable bibliography, has also been 

^^ZdUch. Kryst Min., 1920, 55, 454 ; A., h 715. 

” T. V. Barker and (Miss) M. W. Porter, T., 1920, 117, 1303. 

Murdooli, “Microscopical Determination of the Opaque Minerals,” 

1916. 

W. M. Davy and C.|M. Famham, “ Microscopic Examination of Ore 
Minerals,’* 1920. 
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igiven by a German worker.^® Tbe method has be^n variously 
named Mineralography/’ “ Opakography/' and '' Minera- 
graphy — terms which are perhaps less pronounceable than Chal- 
cography'’ (suggested by Brauns). 

The method consists essentially of the examination, under a 
microscope fitted for side-illumination, of the upper surface of a 
specimen which has been ground, polished, and possibly etched with 
various reagents. Both ordinary and plane polarised light are 
employed. In the latter case any opaque mineral that does not 
belong to the cubic system may reflect two plane or ellipticall^; 
polarised rays, one of which is somewhat retarded (not, in general, 
to the same extent as in the case of transparent substances). The 
principles underlying the various optical effects have been recently 
treated very thoroughly by Wright, who has also done much to 
perfect the finer technique.^® The method has obviously a great 
future, not least on the purely scientific side, for it promises to 
lead to a revision of many opaque mineral species. It should also 
prove useful in the examination of dyes and lakes. 


Thermal Studies of Mineral Systems. 

Thermal studies of mineral systems are becoming so numerous 
that they cannot all be described with a fullness proportionate to 
their deserts. In making a selection, the writer is compelled to 
restrict himself to some relatively simple investigations, and, infer- 
entially, to omit any consideration of the complex ternary system 
CaO-MgO-SiOg, as also of Niggli's work ^ on certain mixed fusions 
involving the oxides of sodium, potassium, calcium, aluminium, 
carbon, silicon, and titanium. It is believed that the relatively 
simple cases will give a general idea of the significance of the 
present-day type of work, which is presumably the main object of 
this Report. 

Binary Systems inrolmug Barytes y Celestiney cmd Anhydrite . — 
In continuation of his previous work,'*^ in which it was proved that 
barytes, celestine, and anhydrite pass into other modifications 
(probably monoclinic) at high temperatures, Grahmann^® has 
investigated the miscibility relations of the substances over a vast 

H. SchnerderhShn, Jahrh. Min. 1920, 43, 400, 

F. E. Wright, Proc. Amer. Phil Soc., 1919, 58, 401. 

Idem, Mining and Meiallurgu^ 1920. Ko. 158. 

J. B. Ferguson andH. E. Merwin, Amer. J. Sci,, 1919, [iv], 48, 81, 165; 
A., 1919, ii, 401, 459. 

F. Kiggli, Zeitsch. anorg. Gheph.^ 1916, 98, 241 ; A., 1917, ii,«2U. 

Ann. Reports, 1913, 10, 266. 

W. Grahmann, Jahrh. Min., 1920, i, 1, 
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rang© of temperatures. The metiiod adopted was tliat of cooling 
curves, supplemented by density determinations and by a study of* 
the optical properties in thin sections. It is found that each pair 
of the a(high temperature)-modifications yields an uninterrupted 
series of mixed crystals. This is also true for the j8(low tempera- 
ture) -modifications of barium and strontium sulphates—in other 
words, for barytes and celestine. On the other hand, the misci- 
bility of the ^-modifications of calcium and strontium sulphates 
(anhydrite and celestine) is limited even at the high temperature 
of 1000*^, and becomes more restricted at the ordinary temperature. 
Anhydrite can take up 42 mol. per cent, of strontium sulphate, and 
celestine up to 12 per cent, of calcium sulphate — the mixtures 
being isodimorphous in Eetgers' sense. Anhydrite and barytes 
present a similar behaviour, but the miscibility is much more 
restricted, each being able to take up about 6 per cent, only of 
the other. The research is, of course, of considerable mineralogical 
interest, for it reveals miscibility possibilities far in excess of those 
actually observed in nature, as determined by mineral analyses. 

Binary System Akermanite-GehleniteA '^ — The investigation of 
mixtures of these two compounds may be regarded as an excellent 
example of the experimental method of studying a perplexing 
mineral problem. Two distinct species — gehlenite, 

3CaO, AlgOg, 2 SiOg, 

and meiilite, Na20,ll(Ca,Mg)0,2(Al,Fe)203,9Si02 — are usually 
recognised as belonging to the tetragonal “ meiilite group.'^ With 
these must be reckoned the closely related akermanite, an impor- 
tant constituent of furnace sla^s, which, according to Yogt, is essen- 
tially a calcium silicate, 4Ca0,3Si02. Now a well-defined com- 
pound, 2Ca0,Mg0,2Si02, was found by Ferguson and Mexwin to 
play an important rdle in the ternary system, Ca0-Mg0”Si02, and 
they concluded it to be akermanite in its purest form; moreover, 
since a compound, 2Ca0,Al20g,Si02, deemed to be pure gehlenite, 
had been previously prepared by Bankin and Wright, the investi- 
gation of the equilibrium relationships of gehlenite and akermanite 
suggested itself as a method of attacking the difficult problem of 
the meiilite group. It is found that the two isomorphous compon- 
ents form an uninterrupted series of mixed crystals exhibiting a 
minimum melting point (Boozeboom^s type III). As gehlenite and 
^ermanite are respectively negative and positive optically, one 
of the mixtures (55 per cent, of akermanite) is isotropic. (As a 
matter of fact, this inversion of optical character was observed by 
Yogt in the case of certain furnace slags, which he regarded as 

J. B, Ferguson and A. F. Buddington, Amer. J. Sci.» 1920, [iv], 50, 
131 ; A., ii, 621. 
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mixtures of geMenite and akermanite.) Another interesting item 
is that akermanite glass has a higher density and refrtictive index 
than the crystalline modification. The authors hope to continue 
their work, so auspiciously begun, and there can be little doubt 
that the correct interpretation of the melilite group will not be long 
delayed. 

Ternary System^^ MgO-AlgOg-SiOg. — The investigation of this 
system was* beset with much difficulty owing to the high tempera- 
tures involved, which were frequently beyond the limits of the 
platinum furnace. The various binary compounds have been eluci- 
dated in previous researches and noted in these Eeports. The only 
ternary compound is apparently a simplified cordierite, 
2Mg0,2Al203,5Si02, 

a phase which decomposes at a temperature lower than its melting 
point, but which can crystallise out of a complex mixture at some- 
what lower temperatures. The compound is best prepared by 
holding a glass of like composition at temperatures lying between 
900® and 1400® ; an unstable form begins to appear at 900®, which 
goes over at a somewhat higher temperature to the stable form. 
The equilibrium relationships of this cordierite are somewhat com- 
plicated by the fact that it forms solid solutions with spinel, 
MgAl 204 , and sillimanite, Al 2 Si 05 . Natural cordierite contains 
water, and part of the magnesia is replaced by ferrous oxide, but 
the general similarity in optical properties is sufficiently close to 
establish its identity with the synthetic, iron-free cordierite. 


The Dehydration Process in Crystals E-fflorescence 

The results of a comprehensive investigation of this process have 
been recently published by Gaudefroy.^® Although not generally 
susceptible to ocular proof under the microscope, loss of water is 
almost certainly accompanied by a temporary local liquefaction. By 
way of a general support to this conclusion, Gaudefroy states that 
almost any finely powdered hydrate can be transformed into a 
coherent cake by simply allowing it to remain in a desiccator for a 
few hours. This behaviour he attributes to a temporary solution 
of the solid in the water which it is about to lose by evaporation. 
In at least one case a periodic liquefaction and solidification is 
directly observable under the microscope. Under certain conditions 
a crystal of the heptahydrated zinc sulphate becomes covered with 
monoclinic crystals of the hexahydrated salt, which extend their 

G. A. Rankin and H. E. Merwin, Amen J. Sci.y 1918, [iv], 4f5, 301 ; A., 
1918, ii, 199. 

C. Gaudefroy, BtilL Soc. Jrang. Min., 1919, 42, 284. 
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boundaries in a rhythmic manner. At various stages a tiny crystal 
of the he^ahydrate is surrounded by a zone of liquefaction, intb 
which it grows as water is eliminated. The loss of on© molecule of 
water of crystallisation is accompanied by a contraction equal to 
about one-tenth of the original molecular volume; and the surface 
of the new crystal consists of a concentric system of furrows and 
ridges as a result of this periodic shrinkage. 

Another general point of interest is that the inception of dehy- 
dration and consequently the local formation of a dehydration 
figure can be readily brought about by inoculation with a frag- 
ment either of the actual product of dehydration or of a substance 
isomorphous with it. Thus if an orthorhombic crystal of mag- 
nesium chromate, MgGrO^JHgO, be simply touched by a crystal of 
the anorthic copper sulphate, CuS04,5H20, dehydration of the 
chromate to the pentahydrate begins immediately, and proceeds at 
such a rate as to be visible to the naked eye. 

Many hydrated substances lose water of crystallisation in more 
than one well-defined stage. To each stag© there corresponds a 
characteristic dehydration figure. Thus, ferrous sulphate, 
FeS04,7H20, either loses three molecules of water or one; in the 
former case the figures are elliptical, whilst in the latter case the 
boundaries are rectilinear, being, in fact, either triangles or 
trapezia. With many substances two or more kinds of transforma- 
tion take place simultaneously, so that it becomes impossible by 
means of a chemical analysis to correlate each type of dehydration 
figure with the specific amount of water lost There are, however, 
other ways of deducing the composition of the different products. 
Thus the heptahydrated cobalt sulphate, unlike its isomorph 
ferrous sulphate, does not give the elliptical type of dehydration 
figure, but only the rectilinear type, and as the product can be 
proved by chemical analysis to be the hexahydrate, the same must 
be reasonably true of the corresponding type of figure given by 
ferrous sulphate. A confirmatory test is to drop small fragments 
of the dehydrated salt into a saturated solution of another salt ; if 
the fragments grow isomorphously, their composition is thereby 
satisfactorily determined. This test is particularly trustworthy in 
the case of the' vitriols, which have been so thoroughly investigated 
by previous workers from almost e^ery conceivable point of view. 

Following is a brief summary of the various types of dehydration 
figure revealed by G-audefroy^s researches. 

IRectilinear Figures Determined ly the Crystals under Dehydra- 
tion , — Figures of this class are quite numerous, being, in fact, given 
in 54 per cent, of the substances examined. The dehydration 
takes place most favourably along certain selected planes of the 
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structural lattice, witk the result that the dehydration figures on 
siny given face are bounded by traces on that face of other impor- 
tant structural planes. By a study of the forms of the dehydration 
figure on the best developed faces of a crystal the dehydration- 
polyhedron ” can be determined, from which the dehydration figure 
for any other face can be deduced in the usual way. In the case of 
the monoclinic heptahydrated sulphates of iron and cobalt, the 
dehydration polyhedron is bounded by the forms {001}, {110}, and 
{101}. The material within the boundaries of a given dehydration 
figure is at first limpid, but soon becomes opaque; during the 
limpid stage it can be proved optically to consist of an irregular 
arrangement of minute crystals. 

Rectilinear Figures Determined ly the Product of Dehydration. 
— Each of these figures, in their simplest form, represents a single 
crystal of the new hydrate. The figures on any given face have 
accordingly no precise orientation. A good example is the hexa- 
hydrated decomposition product of ordinary zinc sulphate, which 
has already been mentioned as growing rhythmically. 

Figures Exhibiting a Division into Four Sectors. — ^These are 
especially common in gypsum, the anorthic and orthorhombic 
vitriols, and the ferrocyanides. Opposite sectors are optically simi- 
lar. The diagonals of the sectors are generally more distinct than 
the external boundaries, and have a definite orientation on each 
crystal face. The fine structure of the sectors is sometimes very 
complicated, but as a rule each sector is made up of a parallel 
bunch of fibres. 

Elliptical Figures. — These figures are characterised by an extra- 
ordinarily fine texture of component particles arranged with every 
possible orientation. The figures are generally very deep-seated, 
and the internal surfaces are also curved. Wherever several kinds 
of dehydration figure are given by the same substance, the elliptical 
figures are characteristic of that chemical change which involves the 
gieatest loss of water, and the excessively minute size of the com- 
ponent particles is attributed to the powerful disruptive effects of 
the correspondingly great contraction of molecular volume. It is 
interesting to note that the ratios of the ellipsoidal axes may differ 
widely in isomorphous substances. In zinc vitriol, for example, the 
ratios are Tl:l:l*4, whilst in the corresponding magnesium, salt 
the ellipsoid practically becomes a sphere, and the figures on all 
the faces are substantially circles and not ellipses. In a monocHnic 
crystal one of the three ellipsoidal axes is always coincident ^ith 
the symmetry axis, and in a uniaxial crystal the ellipsoid is one of 
rotation. 


T. V. Barker. 



RADIOACTIVITY* 

Nuclear Constitution of Atoms. 

The nuclear theory of the atom is based on the form of the trajec- 
tory of the ct-particle in passing through the atom, which in turn 
is deduced from the deviation suffered by the a-particle in its 
passaged The fact that the overwhelming majority of the 
a-particles pursue practically rectilinear trajectories, whilst a 
few of them are deviated more or less abruptly, led to the 
well-known conception of the atom as a system of sparsely dis- 
tributed single electrons occupying the atomic volume, equal in 
number to the atomic number of the atom, with a concentrated 
countervailing positive charge, equal in magnitude to the com- 
bined charge of the electrons, at the centre of the atom, and con- 
stituting a nucleus of dimensions excessively small relatively to 
the atomic volume. The inference that this nucleus contains all 
but some 0'05 to O' 02 per cent, of the mass and weight of the atom 
follows from the known mass of the contained negative electrons, 
and is in general accord with the electrical theory of mass. 
According to this, the mass of an electric charge is proportional 
to the square of the charge and inversely proportional to its 
diameter. To account for its mass on this view, the diameter of 
the nucleus of the uranium atom would be 4 x 10“^^ cm., or l/50th 
of the diameter of the single negative electron, if it consisted of 
pure positive electricity. That the nucleus is not a pure positive 
charge, but contains negative electrons, the net charge being posi- 
tive and equal to the atomic number, is shown by the emission of 
j8-rays from the radio-elements and by the mode of formation of 
isotopes in radioactive changes. Hence the view is not free from 
inconsistencies. 

Impact of a-Particles on Heavy Atoms. — G-reat improvements 
hafe been made in the comparison of the experimental results of 
scattering with the mathematical theory. The magnitude of the 

* This Beport covers the years 1919 and 1920. 

^ Ann. Beports, 1913, 10, 271 ; compare also B. Seeliger, Jahrb. BadioaUiv. 
WlehtronUi, 1919, 16, 19 ; A.^ ib 145. 
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jjiuolear cliarge for platinum, silver, and copper lias been evaluated 
accurately by a determination of the ratio of a-particles scattered 
over a solid angle between 22® and 36 ’6®. This ratio is propor- 
tional to the square of the atomic number and a quantity depend- 
ing on the velocity and known physical and instrumental constants. 
The minuteness of the ratio makes a direct determination, by 
comparing the number of a-particles scattered with those in the 
original beam, difficult. The difficulty was ingeniously overcome, 
however, by introducing a notched rotating disk into the path of 
the a-particles, when counting the direct beam, and so reducing 
them in a known ratio at will to a number comparable with the 
number scattered. In this case one obtains intermittent gusts of 
scintillations with any desired interval between, conditions which 
are very favourable to counting, and actually enable the number 
per second capable of being counted accurately to be five times 
as great as without the device. This is apart from the complete 
control over this number by varying the relative size of the notch. 

The experimental values for the three metals named, 77*4, 46' 3, 
29*3, are, in each case, within the known probable error of the 
accepted values of the atomic numbers, 78, 47, and 29. This, 
incidentally, is an important confirmation of the correctness of 
the absolute magnitude of the atomic numbers, and shows that the 
Periodic Table contains no unsuspected vacant places. 

With the same arrangements, it was possible to verify accurately 
the inverse-square law of force over the region in which scattering 
of the a-partide occurs for the platinum atom. The number of 
particles scattered, other conditions being constant, depends on 
the initial velocity of the a-particle raised to the power 4/(1— p), 
when the force around the nucleus deviating the particle varies 
as 1/rP, r being the distance. The experimental value of p found 
was between 1*97 and 2-03, a variation from the inverse-square law 
within the counting error of 4 per cent. The actual least distance 
of approach to the nucleus was between 7 and 14( x lO"^® 
for high and low velocity a-particles respectively. Prom other 
experiments in this field and in that of the wave-lengths of the 
Z-series of Z-ray spectra, it follows that the inverse-square law 
holds over a range between 3 and 100( x lO-i® cm.), and that there 
can be no electrons in. this region in the case of a heavy atom like 
platinum. These are fundamental conclusions.® 

Impact of a-Farticles on Light Atoms , — Turning now to impl^cts 
of a-particles with the nuclei of light atoms, where the nucleus 
struck is violently repelled,® and itself constitutes a new type of 

^ J. Chadwick, Phil. Mag.^ 1920, [vi], 40, 734. 

® Ann. Reports, 1914, 11, 274 ; 19X6, 13, 261. 
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radiant particle, sncli as tlie Ji-particle resulting from the passage 
of a-rays through hydrogen, most striking results have been 
achieved. Here the a-particle approaches within 0’25(x 10-^2 
of the hydrogen nucleus, and the results point to rapid changes 
and possibly to variations of the direction of the field of force 
within the distance 0*35. The inverse-square law no longer holds. 
Only one in lO^ of the hydrogen atoms penetrated by the a-particle 
is repelled with a velocity sufilcient to enable it to be detected 
beyond the range of the a-rays, or one iT-particle is produced 
by a hundred thousand a-particles passing through 1 cm. of 
hydrogen gas at N.T.P. This number, though minute, is from 
ten to thirty times that to be expected if the inverse-square law 
held. The absorption of these ZT-particles over their range, which 
is four times that of the a-particle producing them, is reminiscent 
of the absorption of a-particles themselves, and is totally different 
from what is theoretically to be expected. With ^-particles 
generated by long-range a-particles, over a range equivalent to 
22 cm. of air, there is practically no diminution of the number of 
2r-particles, whilst between this and the end of the range, 28 cm., 
there occurs a gradually increasing diminution. With F-particles 
generated by short-range a-particles, the theoretical curve is more 
nearly approached. The F-particles in the first case appear to be 
projected in the same direction as that in which the a-particle is 
travelling, or within a few degrees of it, all at the same velocity. 
It is clear that to this case, where a very intimate approach of 
the helium and hydrogen nuclei occurs, special considerations 
apply.^ 

The identity of these .ff-particles with hydrogen was proved by 
a determination of the deviation suffered in electromagnetic and 
electrostatic fields. The value of e/m found, 10^, is in perfect 
accord with that of the hydrogen ion, 9570 (B.M.TJ.). Its 
velocity, namely, T6 times that of the a-particle generating it, is 
in perfect agreement with the maximum value calculated for a 
“head-on” collision. The charge is positive in sign, and no 
negatively charged particles were observed.® 

With regard to light gases other than hydrogen, helium gives 
no particles differing in range from the generating a-particle. 
From this it is inferred that singly charged atoms of helium, the 
estimated range of which would be four times that of the a-particle, 
are not formed. But oxygen, nitrogen, air, and carbon dioxide all 
gave scintillations of similar brightness over a range of 2 cm. of 

* (Sir) E. Rutherford, Phil Mag., 1919, [vi], 37, 537 ; A., 1919, ii, 266 
L, B. Loeb, md., 38, 533 ; A., ii, 145. 

« (Sir) E, Rutherford, iUd., 662 ; A., 1919, ii, 258. 
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air beyond that of tbe range of tbe generating a-particles. The 
number was of the same order as those obtained in hydrogen gas. 
The range, 9 cm. of air, was only one-third as great, and the 
brightness of the scintillations, at a distance equivalent to 7‘5 cm. 
of air, was equal to that of an ct-particle at 1 cm. from the end 
of its range, instead of at 0*5 cm., as for the ^'-particle. The 
original presumption,® that these short-range particles were due 
to atoms of oxygen and nitrogen carrying unit charge, has now 
been shown to be at fault. ^ It has been found possible to deter- 
mine their nature by special arrangements for the examination of 
their deflexion in a magnetic field, allowing the use of wide slits. 
Instead of the particles from oxygen being less deflected than the 
generating a-particles, as should be the case if they were singly 
charged atoms of oxygen, they were more deflected, which excludes 
the possibility that they can be oxygen atoms, either singly or 
doubly charged. A mass intermediate between 1 and 4 and a 
double charge were indicated. The deviation suffered was 
estimated to be 5 per cent, less than that suffered by j5"-particles 
in a direct comparison, and the conclusion was drawn that they 
consist of doubly charged positive particles of mass about 3 with 
a velocity 1*2 times that of the generating a-particle. There was 
no noticeable difference between oxygen and nitrogen, so far as 
these short-range particles are concerned. Both appear to yield 
a new particle of mass 3, differing from the “Eg"' of positive-ray 
methods of gas analysis in that it carries two units instead of one 
of positive electricity, and therefore is presumably an isotope of 
helium. 

Nitrogen, however, differed sharply from oxygen in giving, in 
addition to these new particles, a very much smaller number (about 
one-twelfth) of E'-particles. The range of these is slightly greater 
than of those obtained from hydrogen, but their identity was 
proved by direct comparison of the electromagnetic deviation in the 
apparatus above referred to.® It is estimated that, to produce 
1 cubic millimetre of hydrogen by this means, the total a-radiation 
of 2 kilograms of radium acting for a year would be required. 

So far as can be seen, artificial disintegrations of atoms by 
collision with the cc-particle appear to be endothermic. The 
particle of mass 3 appears to escape with rather more than the 
energy of the a-particle striking the nucleus of the oxygen or 
nitrogen atom. Even neglecting the kinetic energy of the residue 
of the nucleus and of the a-particle after the collision, the dis- 

^ (Sir) E. Rutherford, TUI. Mag., 1919, [vij, 37, 571 ; A., 1919, ii, 259. 
lUd., Bakerian Lecture, Proc. Boy. Soc., 1920, [A], 97, 374 ; A., ii, 641. 

8 Ibid., loc. cil, and Thil Mag., 1919, [vi],87, 581; A., 1919, ii,^260. 
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integration, as in tlie case of tlie radio-elements themselves, must 
be accompanied by the liberation of energy. On the view that 
the actual energy required to bring about the disintegration is 
small, and that the energy of the o-particle is mainly expended 
against the strong repulsive field, in getting near enough to the 
nucleus to affect it, electrons or jS-rays, which would move up to 
the nucleus in an attracting field, may be able to bring about 
similar changes. This raises anew the whole question, so fre- 
quently discussed in these Reports, » as to the origin of the helium, 
found by some and not by other investigators, after passage of the 
electric discharge through gases in vacuum tubes and in old X-ray 
bulbs and the like. The latest experimental contribution gave 
negative results, in so far as the discharge through carefully 
purified hydrogen is concerned. In no case was helium or neon 
detected.^® Naturally, these highly significant results have pro- 
duced a flood of speculation as to the constitution of the atomic 
nucleus, which does not yet call for consideration here. 


Isotopes. 

Our knowledge of the heterogeneity of common elements has 
been notably advanced, during the period under review, beyond 
that recorded in the Reports four and seven years ago,ii by the 
perfection of the positive-ray method of gas analysis and its appli- 
cation to the detection of heterogeneity, if it exists, in some 
nineteen non-radioactive elements.^^ methods depend on the 

same general principles as those which sufficed to detect the 
presence of meta-neon, of atomic mass 22, in atmospheric neon in 
1913, but the electromagnetic and electrostatic deviating fields are 
rearranged in such a way as to secure an effect precisely analogous 
to focussing in optics. The trajectories of the positive ions in a 
slightly divergent beam are brought to a focus in a plane contain- 
ing the photographic plate. All those for which the value of the 
mass divided by the charge is the same are brought to the same 
point in the plane, those with greater and less values, respectively, 
being on either side. The complex pencil is resolved into a ‘'mass 
spectrum ” in every respect analogous to a light spectrum pro- 
duced by a prism or grating. The terms “first-order and second- 

^ Ann. EeportSy 1914, 11, 45, 289. 

A. Piutti and E. Cardoso, Gazzettaf 1920, 50, i, 5 j A., ii, 311. 

“ Ann. Reports, 1916, 13, 245 ; 1913, 10, 265. 

F. W. Aston, Nature, 1919, 104, 334, 393 ; 1920, 105, 8, 647 ; 106, 468 ; 
Phil Mag., 1919, [vi], 39, 449, 611 ; 40, 628 ; A., ii, 277, 344, 718. 
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order mass-spectrum^' are used to denote spectra produced by ions 
Singly and doubly charged respectively. The existence df ions with 
more than one unit of charge introduces a complication, but fortu- 
nately these are experimental peculiarities which enable the two 
orders usually to be distinguished without uncertainty. The relative 
mass of the ion causing any line in the spectrum can so be evaluated 
to an accuracy of one part in a thousand, and the atomic mass 
determined to a degree of accuracy comparable with that attained 
in the best determinations of the atomic weight by chemical means. 
Incidentally, the complete agreement between the two in many 
cases afiords much the most important evidence of the constancy 
betv/een mass and weight for different elements. This question has 
been much canvassed of recent years. 

Of the nineteen elements so far examined, ten prove to be homo- 
geneous and nine to be heterogeneous and composed of more than 
one isotope with different atomic masses. The following table, 
taken from the author's last communication to Nature, gives the 
results. 

Table of Elements and Isotopes. 

Minimum Masses of isotopes. 


Atomic Atomic number of in order of their 
Element. number. weight. isotopes. intensity. 

Hydrogen 1 1*008 1 1*008 

Helium 2 3-99 1 4 

Boron 5 10*90 2 11, 10 

Carbon 6 12*00 1 12 

Nitrogen 7 14*01 1 14 

Oxygen 8 16*00 1 16 

Fluorine 9 19*00 1 19 

Keen 10 20*20 2 20, 22, (21) 

Silicon 14 28*30 2 28, 29, (30) 

Phosphorus 16 31*04 1 31 

Sulphur 16 32*06 1 32 

Chlorine 17 35*46 2 35, 37, (39) 

Argon 18 39*88 2 40, 36 

Arsenic 33 74*96 1 75 

Bromine 35 79*92 2 79, 81 

Krypton 36 82*92 6 84, 86, 82, 83, 80, 78 

Iodine 63 126*92 1 127 

Xenon 64 130*32 5 (7) 129, 132, 131, 134, 136, 

(128, 130 ?) 

Mercury 80 200*60 (6) (197-200), 202, 204 


(Numbers in brackets nr© provisional only.) 

Apart from a possible uncertainty, already alluded to, as to. 
the order of spectrum to which any line belongs, the photographs- 
puhlished reveal the great power and certainty of the new method. 
Unfortunately, only non-metallic elements have so far been 
included. The difficulties in the way of examining metallic 
elements by thisimeans have not. yet been overcome. 
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In every case, except hydrogen, the atomic mass of each homo- 
geneous coiaponent proves to be an exact integer, in terms of thaf 
of oxygen as 16, within the error of measurement already stated. 
For hydrogen, however, the chemical value, 1‘008, is exactly con- 
firmed and its homogeneity proved. Hydrogen, of course, is an 
exception to every generalisation concerning the chemical elements, 
and its simple structure, consisting probably of a single positive 
charge as nucleus and a single electron as satellite, is a sufficient 
reason for its uniqueness. If the hydrogen nucleus is the 
elementary positive constituent of the nuclei of other atoms, a 
number of electrons, equal to the difference between the atomic 
weight and atomic number, must be present also. Thus, if the 
nucleus of, uranium is made up of 238 hydrogen nuclei, there must 
be in the nucleus 238 — 92 = 146 electrons. The close packing of 
these positjlve and negative constituents may account for the differ- 
ence of mass, r9 units, between the mass of the constituents and 
that of the resulting atom, that is, essentially to the difference in 
the atomic weights on the basis H = 1 and 0 = 16.^^ 

The integral value , of the atomic weights then points to an 
atomic constitution of secondary units, such as helium nuclei, 
packed sufficiently openly not to influence their mutual masses, the 
whole of the packing effect being due to the close packing within 
these secondary units. 

Isotopes of Lead. 

Atomic Weight of Lead of Radioactive Origin . — Fuller details 
of the atomic weight determination of the lead from Norwegian 
thorite, which gave 207*9, the highest yet found, have been pub- 
lished, together with those found for lead from three Ceylon ’ 
thorianites, particulars of which follow : 

Per cent. Th. Per cent. XT. Per cent. Pb. At. wt. 


1 68*9 11*8 2-3 207*21 

II 62*7 20*2 3*1 206*90 

III 57*0 26*8 3*5 206*83 


Lead separated from samarskite, containing 12*2 per cent, of 
TJsOg and 1*03 per cent, of ThO^, gave the value 206*30.^® Lead 
from a Japanese source, of possible, though doubtful, radioactive 
origin, gave the value 207*13, which does not differ appreciably 
from that of common lead.^® 

Compare Ann, Reports, 1916, 13 , 253. 

'Compare Ann. Reports, 1918, 15 , 201; 0. Hdnigsohmid, Zeitsch. 
mUrochern., 1919, 25 , 91 ; A., 1919, ii, 286. 

A. L. Davis, J. Physical Chem., 1918, 22 , 631 ; A., 1919, ii, 107. 

16 T. W, Richards and J. Sameshima, J. Amer. Chem. Soc., 1920, 42 , ,928 ; 
A., ii 434. 
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Melting Point . — Two determinations show that, within the error 
of measurement, the melting point of lead of radioacti'^e origin is 
identical with that of common lead. In one,^^ the lead, compared 
with common lead, had the atomic weight 206*57. A constantin- 
manganin couple was used, and the melting points were found to 
be identical to 0*5°, the experimental error. In the other, ^8 
thermocouples of copper-nickel were employed, the single couple 
being capable of reading hundredths, and the multiple couple 
thousandths, of a degree. 

The lead compared in this case was from an Australian radio- 
active mineral of atomic weight 206*6. Neither specimen was 
spectroscopically pure, the common lead being the less pure, but 
probably the impurities did not exceed 0*005 per cent. They 
showed slight differences of behaviour. The super-cooling was 
greater for the purer sample, and its freezing-point-time curve 
was more horizontal. The radioactive lead had the higher melting 
point by 0*05°, but part, if not all, of this difference is to be 
ascribed to its greater purity. The thermo-electric power, electric 
conductivity, and change of the latter with temperature and 
pressure, were for each sample the same. These negative results 
thus have now decided between opposing theoretical views before 
discussed.^® 

Spectrum . — The minute difference, 0*0043 A., in the wave-length 
of the line 4058 A., already reported, has been confirmed.^ 
Ordinary lead, lead from Joachimsthal pitchblende of undeter- 
mined atomic weight, and lead from Ceylon thorite of atomic weight 
207*77, were compared. The method consisted in photographing 
the respective interference fringes, produced by a Fabry and Perot 
etalon, the source of light being an arc between an alloy of 
cadmium with the lead and a button of tungsten in a vacuum. 
Important sources of error present in the first series of experi- 
ments,^^ which gave a negative result, were eliminated by reducing 
all observations to a selected cadmium fringe as standard, which 
registers any variation due to a change of temperature or to the 
wandering of the source of light. These causes affect the standard 
fringe equally with the fringe under examination, and are so 
eliminated. The wave-length for the pitchblende lead was found 
to be 0*0050 A. ±0*0007 A. greater than that for ordinary lead, 

M. Lembert, Zeitsch. Elehtfochem., 1920, 26, 69 ; A., ii, 216. 

T. W. Richards and N. F. Hall, J. Amer. Ohem. Koo., 1920, 42, 1660 ; 
A., ii, 622, 

Ann. Reports, 1910, 13, 252. 

Compare Ann. Reports, 1918, 15, 204; T. R. Merton, Proc. Roy. Soc., 
1920, [A], 96, 388 ; A., ii, 140. Ann. Reports, 1916, 13, 248. 
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which, in tmn, was 0 0022 A. ±0*0008 A. greater than that fw 
thorite le£?d. Also, a difference was found for the wave-length of 
the line 5350 A. of thallinm when ordinary thallium and the 
thallium contained in pitchblende residues were compared, the 
former being the greater by 0*0055 A.iO'OOl A. In this case, 
owing to the thallium not having been separated from the residues, 
the result cannot be entirely depended on, for the displacement 
of lines, by the presence of impurities, in the arc spectrum, though 
rare, is not entirely unknown. But it indicates a presumption 
that the thallium in pitchblende is of radioactive origin and 
different in atomic weight from ordinary thallium. 

In an interesting discussion of the spectra of isotopes, it is 
pointed out that the differences in the case of lead, although only 
of the order of a millionth of the wave-length, are one hundred 
times greater than are to be expected from the Bohr theory, as 
corrected to take into account the displacement of the centre of 
mass of the vibrating system with a change of the mass of the 
nucleus. They are enormously greater than can be ascribed to any 
purely gravitational effect of the mass of the nucleus on the 
electron. The result indicates the existence of a force, due to the 
mass of the nucleus, on the electronic system of the atom not 
hitherto known. In the original experiments, in which a 25 cm. 
grating was used and the spectrum photographed in the sixth 
order, the line was shifted, not broadened, to a position correspond- 
ing with the mean atomic weight of the lead, although a broaden- 
ing, if not an actual resolution, into two or more lines correspond- 
ing with the separate isotopes present, in these circumstances, 
although not in the subsequent eialon experiments, is apparently 
to be expected. This minute difference of wave-length of the lines 
in the spectrum is the only difference in the physico-chemical 
properties of isotopes, apart from atomic mass, so far substantiated. 


Separation and Properties of Isotopes^ 

It cannot yet be considered proved beyond doubt that any actual 
analytical separation of the components of a mixture of isotopes 
has been effected. Systematic fractionation of, atmospheric neon 
by the use of cold charcoal failed to effect any separation. , Even 
fractional diffusion through pipe-clay has not, so far, given con- 
sistently positive results.3® The theoretical question of the possi- 

** W. D. H e rMTu q and L. Aronbeig, J- Am&r, Ohem. Soc., 1920, 42, 1328 ; 
A*, ii, 641. 

*» F. A. Lindemaan and F. W. Aston, Phil. Mag., 1919, [vi], 87, 523 i 
A., 1919, ii, 209, 
eep. — ^TOL. xvn. 
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bi|ity of separation by various means has been much discussed.''^ 
Methods, such as fractional diffusion, centrifugal separation, and 
thermal diffusion, which depend on differences of molecular mass, 
if not those, such as vaporisation and chemical fractionation, ought 
theoretically to be effective. The thermal diffusion method, 
depending on the maintenance of two intercommunicating vessels 
at widely different temperatures, which produces a condition of 
equilibrium, in which excess of the heavier constituent is present 
in the colder vessel, and centrifuging, both appear promising from 
the theoretical point of view. 

Preliminary announcements of the partial separation of the 
isotopes of chlorine, mercury, and iodine (!) have been made. In 
the first case,^^ indications of a separation of hydrogen chloride by 
fractional diffusion into a heavier and lighter fraction have been 
announced, but no definite experimental data are given. In the 
case of mercury,^® evaporation at low pressure is stated to give a 
condensate less in density than the residual mercury. Each frac- 
tion was redistilled before the density was taken, and the difference 
in the pyknometer determinations amounted to 5 parts in 100,000, 
the error of measurement being less than one part in a million. 
Iodine, the most recent of the elements to be submitted to positive 
ray analysis, and found, unlike chlorine and bromine, to be homo- 
geneous, has, from speculative reasoning, been ascribed five isotopes. 
Fractional diffusion gave products with atomic weight varying from 
128*22 upward, the mean being 2*04 per cent, above the accepted 
value. 

Very interesting new results have been obtained along the lines 
of the use of radioactive isotopes of common metals to indicate 
what is occurring to the latter in chemical operations. Thus it 
has been shown that a free exchange of the metallic atom among 
the competing acid radicles occurs for ionised, but not for non- 
ionised, compounds. The general method was to mix solutions of 
two different compounds of lead in equimolecular proportions, the 
one compound only being activated ” by presence of thorium-jB, 
which is isotopic with lead, and to determine the activity of the 
lead in the less soluble compound crystallising out. When active 
lead nitrate and inactive lead chloride are dissolved in molecular 

F. A. Lindemann, Phil Mag,, 1919, [vi], 38 , 173 ; S. Chapmaa, ihd,, 
182 ; 1919, ii, 390. 

W. D. Harkins, Nature, 1920, 105 , 230 ; Science, 1920, 51 , 289. 

J. K. Brdnsted and G. von Hevesy, Nature, 1920, 106, 144. 

E. KoHweiler, Zeitsch, physikal Ohem,, 1920, 94 , 613 ; 95 , 96 ; A., 
ii, 610, 615. 
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proportion in boiling pyridine, the lead in the lead chloride crystal- 
lising oiit is half as active as the lead in the original lead nitrate, 
but when an active lead salt is so mixed with an organic compound 
of lead, such as lead tetraphenyl or diphenyl nitrate, in suitable 
solvents, no interchange of lead occurs, and the active lead salt 
retains its original activity. This constitutes something like a 
direct proof of the ionic dissociation theory and of the current 
views as to the difference between the nature of chemical union in 
electrolytes and non- electrolytes. When the acetates of quadri- 
valent activated lead and of bivalent inactive lead are mixed in 
glacial acetic acid, the activity of the first compound, after crystal- 
lising out from the mixture, is reduced to one-half. This indicates, 
since the two lead ions differ only by two electrons, a free inter- 
change of electrons between them and a dynamic equilibrium 
between ions and electrons, and between free electrons and the 
electrodes in electrolysis. 

Isotopes have been used to determine the velocity of diffusion 
of molecules among themselves. The rate of diffusion is dependent 
on the molecular diameter, and not on the mass, so that a radio- 
active isotope diffusing among the inactive molecules of the same 
type of element affords the means for investigating experimentally 
this otherwise insoluble problem. The case has been tried with 
molten lead. At the bottom of a narrow, vertical tube was placed 
a layer of lead rendered active by the presence of thorium-J5, and 
above it a layer three times the height of common lead. The 
whole was kept at 340° for several days. After cooling, the 
cylinder was cut up into four equal lengths, each melted and 
hammered into foil, and the concentration of thorium-5 in each 
determined by a-ray measurements. Values for the diffusion 
coefficient between 1*77 and 2*54 per sq. cm. per day, with a mean 
of 2*22 in seventeen experiments, were obtained. This corresponds 
with a diameter of the lead molecule between 0*78 and 
l*16(xl0“8 cm.), according to the formulae used to connect the 
two quantities. The value found, when reduced to a temperature 
of 18° and for a fluid of the viscosity of water, becomes 2*13. 
Since the value for lead ions diffusing in aqueous solutions is 0*68, 
this indicates that the molecular diameter in the case of metallic 
lead is only a third of that in the case of the ion, and shows that 
the latter is probably hydrated.^ 

G. von Hevesy and L. Zechmeister, 5er., 1920, 53, [B], 410 ; A., ii, 278 ; 
Zeitsc^. BUk^ochem., 1920, 26, 151 ; A., ii, 345. 

J, Gr6h and G. von Hevesy, Ann. Phydh, 1920, [iv], 63, 85; A-, 
ii, 739. 
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Eesearckes analogous to those reported have led to the debectiou 
and isolation of volatile hydrides of lead and tin.^^ 

The Fisaed Mectron” Type of Atomic Structure. 

A notable rival has been developed to the view described in the 
last Report®^ of an atom in which the electrons are- supposed to 
revolve in orbits around the zmcleus, with special assumptions as 
regards the radiation of energy in quanta rather than continuously. 
In this atom, the electrons surrounding the nucleus are supposed 
to occupy, or oscillate about, certain fixed positions in the struc- 
ture. This fixed electron type pf atom has been found to possess 
many advantages in chemistry and physics, notably in accounting 
for the Periodic Law, the various categories of chemical compounds, 
ionised and un-ionised, and the arrangement of the atoms in the 
crystal space-lattice as determined by X-ray methods. Ib may be 
said to draw its underlying postulates from facts in these fields 
rather than from any purely mathematical or fundamental reason- 
ing.®^ The chief idea is that, in the outermost shell of electrons 
surrounding the nucleus, the electrons tend to form an octet and 
to occupy the corners of a cube. In the outermost shell all eight 
corners are occupied in those atomic structures corresponding with 
the zero family of chemically inert gases. The chemical activity 
of, other elements is due to some of the corners being not occupied 
by electrons, whereby two or more atoms tend chemically to 
“combine.” The combination may be of two kinds. Either the 
atoms with only a few of the corners occupied by electrons, that 
is, of those elements in the first families of the Periodic Table, lose 
their electrons altogether, forming positive ions, such as Na’, Mg*’, 
Al**', to the atoms which have all but a few of the corners occupied, 
that is, of those elements in the last families of the Periodic Table, 
with the formation of the negative ions, such as CP, or more 
often to groups of these atoms. This way of regarding ionised 
compounds was, of course, arrived! at long before this theory was 
proposed, but it emphasises the completely separated existence of 
the two ions forming the molecule, even in the solid state, which 
is supported by the character of the space lattices of the crystals 

Ann. Reports, 1918, 15, 226 ; 1916, 13, 266 ; F. Panetli and K. FUrtli, 
Her.. 1919, 62, [B], 2020; F. Paneth and 0. NOrring, ibid., 1920, 53, [B], 
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of salts. The forces at work are the opposed charges on the ions 
which aH statistically, n sodium ions requiring the simultaneous 
presence of n chlorine ions, rather than each sodium atom being 
attached to one chlorine atom, as in the formula Na~CL 

In the second kind of combination, namely, that corresponding 
with definite atomic linkings, such as are regarded to exist between 
the atoms of the molecule in organic compounds and in non- 
electrolytes generally, the theory is more original. Different atoms 
so rigidly linked together are regarded as sharing electrons in 
pairs. Two electrons held in common by two atoms constitute the 
ordinary single bond. The cubes are attached edge to edge. Four 
electrons in common correspond with a double bond. The cubes 
are attached face to face. A corner to corner attachment of two 
cubes, which the single bond most closely suggests, is not con- 
sidered to occur at all. The sharing of a pair of electrons by two 


atoms is regarded as the single unit of valency. 

In addition to this type of definite linkage, two others are 
postulated. The hydrogen nucleus is capable of sharing a pair of 
electrons, its own and one derived from another atom, either an 
atom of itself, as in the hydrogen molecule, or an atom containing 
an uncompleted octet. Thus in water the oxygen nucleus is at 
the centre of a cube of electrons, two pairs of which, at two opposite 
pairs of contiguous corners, being shared with two external 
hydrogen nuclei. Pairs so held are supposed to be drawn closer 
together, distorting the cube. In this way, the tetrahedral 
character of the carbon atom is accounted for. The uncombined 


atom of carbon, if it existed free, which, of course, never occurs, 
would have four of the eight corners of the cube occupied with 
electrons. If symmetrically distributed, these would occupy the 
corners of a regular tetrahedron. When it shares these in pairs 
with electrons of other radicles or atoms in compounds, the draw- 
ing together of each pair shared preserves the tetrahedral character 
of the arrangement in the combined atom. The facts of stereo- 
chemistry require free rotation to be possible about a single bond, 
and not about a double bond, whereas, unless further assumptions 
are made, such as that the pair are drawn together to one point 
or supposed to rotate round one' another, free rotato would not 
be a pLibility for a single linkage on this theory, ^e existence 
of triple bonds again, which is possible on a tetrahedral is 
imposdble on a cubic atom, if only partly deformed to a tetra- 


^^The second type of combination postulated is rather surprising 
in that a pair of nuclei are supposed to 

cube, or octet, in such combinations as the nitrogen molecule, 
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carbon monoxide, hydrocyanic acid, and nitric oxide. If this is 
correct, such compounds would represent, as it were, diiructUres 
half-way between those typical of atoms and molecules respectively. 
Although something might be said for such a structure representing 
the properties of nitrogen, one would 'scarcely have expected it to 
be capable of representing also such an extremely active gas as 
nitric oxide. 

Into this theory of valency, Avhich so far seems to be confined 
mainly to the lighter elements in the earlier part of the Periodic 
Table, it is unnecessary further to enter here. Of more topical 
significance is the way in which the atomic numbers of the Periodic 
Law are accounted for. The atom is regarded as made up of con- 
centric shells of electrons of relative diameter 1, 2, 3, 4, and relative 
area 1, 4, 9, 16. Each electron is regarded as occupying the same 
superficial area, to whatever shell it belongs. The inert gases are 
the elements for which the outer shell contains its full complement 
of electrons. Helium, of atomic number 2, has two electrons at 
the poles of the first shell. The line joining them and passing 
through the nucleus is regarded as the polar axis of the atom. 
The plane passing through the equator divides the shell into two 
hemispheres. There are no electrons in the equatorial plane of any 
atom. In the outer shells, concentric with the fii'st, they are dis- 
tributed according to the symmetry of a tetragonal crystal. Pour 
secondary planes of symmetry, at 45° with each other, pass through 
the polar axis. The second completed shell, being four times the 
area of the first, contains eight electrons, occupying the eight 
corners of a cube. This is the neon atom. The atomic number 
is 10, and it contains eight electrons in the second shell — four in 
each hemisphere above and below the equatorial plane — and two 
in the first, or helium, shell. Every shell, other than the inner- 
most, after getting filled up with electrons once, is filled up twice, 
and the next inert gas is argon, atomic number 18, containing 
sixteen electrons in its second shell and two electrons in its first. 
In the next, krypton, of atomic number 36, the third shell con- 
tains eighteen electrons, two distributed at the poles and the other 
sixteen symmetrically with regard to the polar axis and the sixteen 
underlying electrons of the second shell. By filling the third shell 
again we get xenon, of atomic number 54. The fourth shell con- 
tains thirty-two electrons, and the next inert gas must have an 
atomic number 8'6. This is the correct atomic number for the 
emanations of the radioactive elements. Unfortunately, the 
Periodic Table comes' to an end before this ingenious theory can 
he further tested.' That, however, the table should proceed to 
uranium, which possesses complete chemical analogy to tungsten 
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and molybdenum, instead of to a second lot of rare earth elements, 
after raaium and thorium, raises the doubt whether it just does 
not come to an end in time for the theory. Undoubtedly, how- 
ever, it is an achievement, even by such arbitrary assumptions, to 
have accounted for the actual sequence of elements in the table 
at all. 

The theory has found general support in the explanation of the 
arrangements of atoms in crystals as elucidated by X-ray 
methods.®® It is possible to assign to each atom in the space-lattice 
a definite approximate diameter, and to regard the crystal as built 
of spheres of these diameters closely packed. When the atomic 
volumes corresponding with these diameters are plotted against 
atomic weights, a curve, in every respect analogous to Lothar 
Meyer’s atomic volume curve, is obtained, but applicable to the 
compounds of the elements. Then it is found that two electro- 
negative elements are situated close together, and are assigned 
small diameters when, according to the above theory, they share 
electrons ; but the electropositive elements, which exist as separated 
ions and do not share electrons with their neighbours, are situated 
at a distance from them, and appear to have large diameters. 
From crystal data, the diameter of the electronic shells correspond- 
ing with neon, argon, krypton, and xenon are put at T30, 2*05, 
2*35, and 2-70 Angstrom units respectively. The theory, being 
definite and easily visualised, if arbitrary, will doubtless justify 
itself in drawing attention to the many different types of chemical 
interaction, which hitherto have been too liable to be confused 
together and forced into a mould to fit just the one type of inter- 
action which the ordinary valency-bond theory suffices to explain. 
It is not yet possible to bridge the gap between this idea and that 
of the rotating electron atom, which has grown up largely from 
the study of the wave-lengths of the characteristic X-rays them- 
selves. Undoubtedly each type has its advantages, but for 
chemistry the fixed electron type seems easily to hold the field. 

In the light of these advances, an experiment showing that the 
a-radiation from different faces of a large crystal of uranium 
nitrate was, within the error of experiment, of the same intensity, 
seems to show that the a-particles are shot out from the nucleus 
during disintegration, without relation to the orientation of the 
atomic axis, for it may be regarded as at least highly probable 
that in the crystal space-lattice the atoms have their axes orientated 
in a regular manner.®^ 

8® W. L. Bragg, Royal Institution Evening Lecture, May 28th, 1920; 
FUl. Mag,, 1920, [vi], 40 , 169 ; A., ii, 637. 

3* T. B. Merton, FUl, Mag,, 1939, [vi], 28 , 463 ; A., 1919, ii, 453. 
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Eigh- frequency Spectra of the Elements.^^ 

Work in this field proceeds apace, tliongh without breaking ranch 
fresh ground. Precision measurements, to a degree of accuracy 
one-hundredfold greater than previously, have been carried out for 
the lines in the K series of a number of elements from chlorine to 
copper, and the results compared with the various mathematical 
formulse proposed. The spectrum of tungsten, for which the E, 
L, and M series can all be studied, has also been examined, and a 
spectrograph constructed to bridge the gap between these two series 
of precision measurements.^® The M series has been further in- 
vestigated, and extended from uranium as far as dysprosium.^^ 
New measurements of the absorption bands of thulium, 
neoytterbium, and lutecium in the K series have been made.''^® 

An examination of the L absorption spectrum of a pure radium 
chloride solution gave two lines, 0-802 and t)‘670 A,, in agreement 
with the atomic number 88 assigned by the Periodic Table.®^ By 
the use of a reinforcing screen of calcium tungstate, the line of 
the K spectrum of tungsten (0T844 A.) has been vshown to be a 
doublet separated by about 0*0007 A.^® In an examination of the 
X-ray absorption spectrum of phosphorus, differences of wave-length 
were observed for different forms. The wave-length 5*767 A. was 
found for the black phosphorus of Bridgeman, and 5*750 A. for 
phosphoric acid and its ammonium salt, whilst red phosphorus 
shows a double limit, corresponding with each of the two wave- 
lengths given. This is believed to be the first case noticed of the 
chemical state of an element affecting its X-ray spectrum 
Arrangements have been described for the examination of the 
space-lattices of powdered materials, by which it has been shown 
that thorium and nickel in powder form have face-centred cubical 
lattices, and magnesium a lattice composed of two interpenetrating 
simple hexagonal lattices. 

X-Bays have also been used to determine the size and structure 
of the particles of organic and inorganic colloids. Grold and silver 

Compare Ann. E&ports, 1916, IE, 257. 
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in the colloid form possess the same space-lattices as in large 
crystals, ^ven when the particles are too small to be visible und^r 
the ultramicroscope. In old silicic acid and stannic acid gels, 
traces of crystalline structure can be detected, but not in the 
typical organic colloids, such as albumin, gelatin, cellulose, starch, 
and the like.^^ 

It has been pointed out that it is a necessary consequence of 
the modern views of crystal structure that, in certain cases, the 
chemical composition of the crystal must depend on its size. Thus 
iron pyrites, with a space-lattice consisting of an atom of sulphur 
within a cube, four alternate corners of which are occupied by iron 
atoms, instead of the formula I’eS 2 must possess a composition 
given by Fe(,i 4 .i).jS 2 ns, where n is the number of elementary cubes 
in the crystal. If n is 50, the particle would still be visible by 
the aid of the ultramicrosoope, and its composition would be given 

a-Bays, 

The Geiger-Nuttall Relation . — ^The logarithmic connexion 
between the period of average life of an atom and the range of 
the a-ray expelled from it during disintegration, and the theory 
of the cause of atomic disintegration to which it has led, have been 
the subject of closer examination. On this theory,^^ the instability 
of the atom is supposed to result from the simultaneous conjunc- 
tion of a large number, iY, of separate particles, moving independ- 
ently of one another within the atomic nucleus, in a certain favour- 
able relation. The chance of disintegration depends on something 
like the one-hundred-and-sixtieth power of the velocity of the 
a-particle expelled, and such a law can scarcely be explained except 
as an expression of the probability of the fortuitous occurrence of 
a very large number of^ independent events. 

The actual value first deduced from the periods and ranges for 
N was about 80, a number of the same order as the atomic number. 
The relation between range and period on this theory becomes 
logA.=iVa-i-|iV’ log 

where B is the range and a is, approximately at least, a constant. 

From new data on the ranges of some of the members of the 
various disintegration series, values for iV", 81, 77, and 71, have 
been assigned for the uranium-radium, thorium, and actinium 
series respectively.^® Clearly these must be of the nature of mean 

** P, Scherrer, Nachr. Qes. Wiss. Gottingen, 1918, 96; A., 1919, ii, 274. 
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values, since the number of independently moving particles in tbe 
liiKsleus must diminisli by unity with each a- or jS-particle expelled, 
that is, with each step in the disintegration series. The experi- 
mental numbers given for the uranium-radium and the thorium 
series agree with the mean values to be expected if the atomic 
nuclei are practically composed of helium nuclei and binding 
electrons. Thus for thorium, with atomic weight 232 and atomic 
number 90, 58 helium nuclei and 116 — 90 = 26 binding electrons 
would constitute a system consisting of eighty-four independent 
units. The value of F for thorium itself would be one less, since 
the probability relation holds between one of the particles and the 
rest of the nucleus. The mean value for the series between thorium 
and thorium-C, considering N to be reduced by unity for each a- 
and for each jS-particle expelled, would be 78 instead of the value 
found, 77. For the uranium atom, with atomic weight 238 and 
atomic number 92, two hydrogen nuclei at least must be postulated. 
If there are only two, there must be 59 helium nuclei and 
118 + 2-92 = 28 binding electrons, making a total of 89 inde- 
pendent particles. The mean of the number, diminished by one, 
is, for the series uranium to polonium, 81 or 82, again in excellent 
agreement with the experimental value. 

If, now, the correct values for N are introduced for each 
member of the series, and the value of the constant a calculated, 
it is found that a is truly constant for the middle members of 
each series, but is markedly, although not greatly, different for 
the first and last members of each series.^^ The actinium series is 
scarcely yet worth consideration here, as, in absence of all experi- 
mental evidence as to the atomic weights of its members, the values 
to be assigned to N must be a matter for speculation. In addition, 
it obeys the logarithmic relation only very imperfectly. The 
difficult question as to the cause of the disintegration of the atom 
in radioactive changes seems at least to be progressing towards a 
satisfactory and highly suggestive answer. 

In other papers, Bohr’s principle of angular momentum has been 
applied to the internal economy of the nucleus, and the conclusion 
reached that the motions of the particles remaining in the nucleus 
are not affected by the successive steps in the atomic disintegration. 
The radius of the orbit of revolution of the a-particle in the 
nucleus before expulsion has been calculated, and found to diminish 
by steps with each successive disintegration.^ 

A collection of papers has appeared on the counting and photo- 

G. Kirsch, Physikal Zeitsch., 1920, 21, 452 ; 4., ii, 677. 

T. Wolff, ibid., 175, 393 j A., ii, 366, 578. 
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graphic registration of o-particles. The eleotrometer method, 
using h^-h potential gradients just below the sparking potential, 
whereby the ionisation is enormously magnified by collision, has 
been the one employed. As the most suitable gas for filling the 
counting chamber, a mixture of 54 per cent, of carbon dioxide 
and 46 per cent, of air was used. It was found that a mixture 
of carbon dioxide and air, with the former in excess, responded 
only to the a-rays, and not to the )3- and y-rays. 

A new determination of the number of a-particles expelled per 
second per gram of radium (element), free from disintegration 
products, gave 3’72(±0’02) x 10^®. In arriving at this value, 
80,000 a-particles were counted. This is about 4 per cent, above 
the previously accepted value, even after correction in terms of 
the International Standard.^® 

In a special research, it was found that T5 milligrams per 
sq. cm. of mica, of density 2*87, correspond, in stopping power 
towards a-rays, with 1 cm. of air at 760 mm. and 15°.®® 

The individual intervals between the emission of a-particles by 
polonium have been systematically studied by photographic 
registration methods for the case of 10,000 emissions. The require- 
ment of the theory of probability was very exactly verified. The 
fraction of the total number of intervals of duration greater than 
r is e"-®'", where 6 is the mean interval. T’or very short intervals 
the law is departed from, owing to the emission of a-particles with 
intervals between them too small to be distinguished by the means 
employed. From the results obtained, the number of such 
“ doublets could be very exactly evaluated.®^ 

An effect, analogous to the '‘spluttering’’ of metals under the 
action of the cathode rays in discharge tubes, has been observed 
with a-rays for the noble metals nickel and aluminium, but not 
for such metals as copper, the surface of which is easily oxidised 
by the action of the atmosphere. Another effect due to a-rays was 
observed with polonium, electrolytically deposited on metal foil. 
The a-particles emitted at grazing incidence appear to "knock off” 
the polonium in aggregates of several molecules at a time, causing 
an effect analogous to the volatilisation of the polonium, which is 
called "aggregate recoil.” The effect is very much more pro- 
nounced in a vacuum than in the atmosphere. It is greatest with 
freshly deposited preparations, and diminishes with their age. 


** Ann. BeportSf 1914, 11, 274. ^ ^ 

K. W. Lawson and V. ?. Hess, Sitmngftber. Akad, Wise. Wien, 1918, 127, 

2a, 405, 461, 635, 699, 943. 

« (Mme) M. Curie, J. Phya. Badium, 1920, [vi], 1, 12 ; A., ii, 727. 
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The most regular results are obtained with palladium and platinum 
foi?s electrolytically saturated with oxygen. Saturatipg with 
hydrogen diminishes the effects and makes them irregular .^2 


y-Eays. 

In a continuation of the researches fully described in the last 
Report, two types of secondary y-rays, referred to as Si and S^, 
have been found to be associated with the two primary components 
of the y-rays of radium, designated as Ki and K<^, The first is 
of the nature of a scattered primary, possessing the same coefficient 
of absorption as and distributed with decreasing intensity 
with increasing angle of scattering. None is detectable at an 
angle of 90° or beyond, or, in other words, this secondary radiation 
is confined to emergence. For this type, the scattering power of 
different atoms is proportional to their atomic number. The type 

is, in general, different in penetrating power from is 

scattered over an angle of 180°, constituting an incident, as well 
as emergent, radiation. For light atoms the scattering is pro- 
portional to the atomic number, but for heavy atoms to the square 
of this number.®^ The absorption of divergent beams of y-rays has 
also been studied, with the view of throwing light on the reason 
why y-rays, although complex and scattered, so nearly obey the 
theoretical law of absorption to be expected for a homogeneous, 
non-scattered beam.^^ 

Methods have been developed for “ counting ” y-rays analogous 
to those referred to under ‘‘ a-Rays.” The effect of a y- or j8-ray 
is, in general, twenty to twenty-five times less than that of an 
a-ray, but with a sufficiently sensitive counting arrangement they 
may be counted with ease and certainty. Some special precau- 
tions are taken, on account of the high potential necessary to 
render the response very sensitive, but otherwise the arrangements 
are very much as for the a-rays. The gas used in the counting 
chamber is air, drawn from the free atmosphere and stored over 
sulphuric acid until any emanation initially present has had time 
to decay, and filled into the chamber through cotton wool and 
phosphoric oxide. 

The y-ray acts by liberating a high-velocity jS-particle from the 
metal walls of the counting chamber, and the same methods are 

R. W. Lawson, Sitzungsber. Ahad. Wm. Wien, 1918, 127 , 2a, 1316 ; 
1919, 128 , 2a, 796. 

Am, Mepofts, 1918. 16, 211. 

K, W. F. Kohlraxisch, Sitztingsber, Ahad. Wise. Wien, 1919, 128 , 2a, 868. 

” Ann, Eeports, 1918,15, 213 ; M. Bl&u, Sitztmgaber. Ahad. Wiss. Wien, 1918, 
127 , 2a, 1258. 
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equally applicable for as for y-rays. It was found tiiat tiie 
number of y-rays given per atom from radium-B and radium-C, 
respectively, were practically tlie same. The total number of 
y-rays from both together is, in terms of the number of a-particles 
from radium-(7, between two and one.^^ 


Chemical Actions of the IRays of Radium. 

The reactions proceeding in common gases, when mixed with 
radium emanation, and due to a-rays, have been the subject of two 
exhaustive investigations, chiefly to ascertain whether the facts are 
in agreement with the theory that the reactions obey a form of 
Faraday’s law, that the molecules formed in the reaction are equal 
in number to the pairs of ions formed from the rays in the gas.®® 
In one research, four gases, hydrogen sulphide, ammonia, nitrous 
oxide, and carbon dioxide, were studied. Other conditions being 
the same, the amount of decomposition is proportional to the 
amount of emanation present. The decomposition increases as the 
size of the reaction vessel is increased, to a limit corresponding 
with the state in which practically the whole of the energy of the 
a-rays is spent in traversing the gas molecules. For hydrogen 
sulphide, the thermal coefficient of the velocity of reaction is prac- 
tically zero from —180° to 18°, and above this, to 220°, is slightly 
negative. For nitrous oxide, the reaction proceeds probably in 
two directions, for the most part with the formation of nitrogen 
and oxygen, but also with the formation of nitric oxide and 
nitrogen. The accumulation of nitrogen peroxide as a result of 
the second reaction retards the reaction. Here, again, changes of 
temperature produce but a slight effect on the velocity of reaction, 
the coefficient being negative below and positive above 18°. For 
ammonia, the coefficient is positive and considerable up to 220°. 
Carbon dioxide was found to undergo only a very slight decom- 
position, and the rapid change recorded by other investigators is 
attributed to the effect of mercuiy and phosphorus in the vessel. 

For these reactions, Faraday’s law was found not to apply. The 
ratio between the number of molecules produced and the number 
of pairs of ions formed by the o-rays exceeds unity in oases where 
no catalytic action is involved.®^ 

In the other research, the combination of hydrogen and oxygen 
was re-studied. Here it was found that 3*92 molecules of watei 
result for every pair of ions formed in the gas. It appears thai 

55 V, y. Hess and R. W. Lawson, SiUungsher, Akad. Wiss, Wien, 1916, 125. 
2ct, 286, 686, 661. ” Ann, Beports, 1912, 9, 322, 

E. Wotn-tzel, U Badmm, 1919, 11, 289, 332 j 4., ii, 214. 
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in |l 11 the earlier results of Ramsay and Cameron, which gave sup- 
port to the ionisation theory, the amount of emanation used had 
been much overestimated. It had been calculated from the time 
of accumulation and quantity of radium, which, since the develop- 
ment of exact methods of measuring the emanation by the y-rays, 
is known to be quite untrustworthy. The velocity of reaction was 
found to be proportional to the quantity of emanation and in- 
dependent of the temperature. It was increased by increase of 
oxygen above the stoicheiometrical proportion, the velocity of 
reaction continuing to rise as this excess increases with the reac- 
tion, and diminished by increase of hydrogen, the velocity con- 
tinuing to fall as the excess of hydrogen increases. This is to be 
expected from the ionisation theory, since the relative ionisations 
in oxygen and hydrogen are as 1*09 to 0*24, that of air being unity. 

In very small vessels, particularly at low pressures, the velocity 
of reaction is abnormally high. This is ascribed to the atom of 
radium-J., recoiling from the atom of emanation, bringing about 
the combination in the same way as an a-particle. Under the 
most favourable conditions for magnifying this recoil effect rela- 
tively to that produced by the a-rays, it may exceed the latter six 
or seven times. The relative effect produced is in agreement with 
the data as to the magnitude of the ionisation produced by recoil 
atoms. 

With the single exception of hydrogen and chlorine, where the 
chemical action may be several thousand times as great as the 
ionisation theory requires, it is claimed that there is a general 
statistical agreement between the number of ions and the number 
of molecules produced for a large number of reactions. The two 
numbers are not the same, but they correspond within a multiplier 
of a few units only in either direction. This is true for reactions 
produced by the cathode rays and j8-rays, as well as those resulting 
from the action of a-rays and recoil atoms. The ratio of four to 
one, in the present case, between the numbers of the molecules 
and ions can be explained by ionic possibilities, without recourse 
to other theories.®® 

In the reverse reaction, the decomposition of liquid water by 
the a-particle into hydrogen and oxygen, about one molecule of 
water is decomposed per pair of ions formed. In practice, the 
recombination of hydrogen and oxygen under the action of the 
emanation proceeds almost to completion at constant volume; 
because the water condenses to droplets, and so is removed for the 
most part from the action of the o-rays.®® 

S. a Lind, /. Am&r. Ohem. Noc., 1919, 41, 531, 561 ; A., 1919, ii, 210, 

Idem, STfdwie. Amr, Eleeirochem. Noc,, 1918, 34, 211. 
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The long series of parallel experiments on the action of the 
penetrating rays of radium and of ■ ultra-violet radiation from^ a 
quartz mercury lamp on organic substances has been continued. 
The substances studied comprise a mixture of maleic and fumaric 
acids, solutions of formic and benzoic acids and of carbamide, dry 
and wet toluene, chloroform, and carbon tetrachloride. The 
effects of the two kinds of irradiation are, in general, similar, the 
ultra-violet light being usually almost incomparably the more 
rapid. The results bear out the general view that these agents 
have a shattering effect on almost all molecules, followed by 
numerous secondary reactions among the products.®^ 

The thermoluminescence and decolor isation of glass which has 
been exposed to the rays of radium, on heating, have been shown 
to be independent of one another. For freshly exposed glass, 
thermoluminescence starts on heating below 100°, and at 200° for 
specimens exposed some years previously. Becolorisation does not, 
however, occur until the temperature of 500° is reached. The 
colorations and thermoluminescence produced in a great variety of 
minerals have been examined. The fluorspars, by reason of the 
almost bewildering variety of colour changes they undergo and the 
brilliance of the thermoluminescence produced, are among the 
most interesting.®^ In this connexion, the variety of fluorspar 
from Wdlsenberg, Bavaria, locally called “Stinkfluss,” deserves 
special mention. On being crushed, it emits a peculiar odour', which 
those who have made a careful study of the mineral assert is with- 
out doubt due to free fluorine. Uadium rays easily reproduce the 
natural dark blue colour in the mineral after the colour has been 
discharged by heating, but do not restore its odoriferous quality. 


Studies of Badioactive Minerals. 

Age of Thorium Minerals . — In a careful review of the diflicult 
questions connected with the age of thorium minerals, both the 
isotopes of lead derived from thorium are regarded as stable, 
and the age of the mineral, A, is deduced from the formula 

where Pb, B, and Th are the percentages of these elements in the 

A. Kadlan, Zeitsch. physikal. Ghem., 1920, 95, 215 ; A., li, 576 ; Sitzungs' 
her, Akad. Wiss. Wien, 1919, 128, 2a, 831 ; 1917, 136, 2a, 741. 

S. C. Lind, J. Physical Ghem., 1920, 24<, 437 : A., ii, 576. 

B, Newbery and H* Lupton, Mvm. Manchester Phil Soc., 1918, 63, 
No. 10 ; A., 1919, ii, 130. 

«» P. ’B.mpjch; Zeitsch tmgew. Chem,, 1920, S3, 5, 13, 20 ; A., ii, 216. 
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mineral The conclusion is reached that in (1) the Middle- 
Devonian formation at Brevig, Norway, in the Precambrfan form- 
ations of (2) ArendalGegend, Norway, and (3) Moss, Norway, and 
(4) in the thorianit e-bearing pegmatites of Ceylon, all those 
minerals with less than three times as much thorium as uranium 
give quite concordant ages for the formations, namely, (1) 300, 
(2) 1300, (3) 950, (4) 500 million years, respectively. These must 
be regarded as true primary minerals; but all those for which the 
Th/D ratio is greater than 3 give smaller ages, and must be 
regarded as secondary minerals derived from the primary by 
various processes of change in which the content of thorium has 
been enriched. In the first class are to be found, in (1) 
eudidymite, eucolite, zircon, pyrochlor, and biotite, in (2) cleveite, 
in (3) broeggerite, and in (4) pitchblende and thorianite, whilst in 
the second class are, in (1) freyalith, thorite, and orangeite, in 
(2) uranothorite and orangeite, in (3) uranothorite of Hittero, 
and in (4) thorite- The atomic weights of the lead from the three 
varieties of thorianite, already given, conform well to the view 
that they are primary constituents of the pegmatite, which has an 
age between 400 and 500 million years. 

The ratio of thorium to uranium in a number of minerals has 
been determined by radioactive methods. In Morogoro pitch- 
blende there is 0*5 per cent, of thorium and 74*5 per cent, of 
uranium; in pitchblende of St. Joaohimsthal, per gram of uranium, 
4*68x10"® grams of thorium, making, with the estimated 
1-96x10"® grams of ionium, a total 6-64x10"® grams of thorium 
isotopes. A monazite sand of unstated origin, containing 7-23 per 
cent, of thorium, was found to contain 0*087 per cent, of 
uranium.®® In another estimation, monazite sand from Brazil was 
found to contain 0*8, and from India 0*102 ( x 10"*^ gram of 
radium per gram). These correspond with 0*235 and 0*03 per 
cent, of uranium respectively, and, on a thorium content of 4 and 
9 per cent., mesothorium preparations obtained from them would 
owe 28 and 2*1 per cent., respectively, of their initial y-aotivity to 
radium.®® 

In a monograph on broggerite, which contained 63 — 66 per 
cent, of uranium, 6 — 6*6 per cent, of thorium, 9*5 — 10 per cent, 
of lead, and 0*7 — 1*5 per cent, of rare earths, hydrofluoric acid 

B. W. Lawson, Sitzungsber. Akad. Wiss. Wim, 1917, 126, 2a, 721^ 
A., ii, 149. 
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gram.) 



RADIOACTIVITY. 


241 


was found to be the best precipitant for thorium in presence nf 
uranium. As is well known, the method of separation based on 
the solubility of uranium nitrate in ether or acetone is useless. 
The Pb/U ratio in this mineral is essentially constant at 0-12 to 
0-13, which corresponds well with the age of about a thousand 
million years, already given, for the pegmatite dykes in the granites 
of Moss, Norway, from wliicli it is obtained. 67 

The Uranium-Radnm. Itaho.-Jrh.is important ratio has been 
redetermined for a carefully selected Colorado pitchblende. The 
uranium was estimated analytically, and the radium by the 
emanation method against specially made absolute standards of 
radium. These were prepared, by dilution to I'S x lO-^ grams of 
radium per c.c., from a radium chloride of 100 per cent, purity, 
measured against the International Standard by y-rays. A million 
times the quantity of barium was added to the diluted standard 
to protect the minute amount of radium from precipitation. The 
result gave 3*4 x 10“^ grams of radium as the quantity in equil- 
ibrium with 1 gram of uranium. This was the original “Ruther- 
ford-Boltwood ” value, but it was subsequently corrected to 
3*23x10“'^ on the International Standard. Much independent 
work has shown that the uncorrected value was substantially 
correct, and it is very satisfactory to lave had this conclusion 
confirmed so convincingly. 6® 

Belative a-Activihes of (Jranium and Badium. — Many points 
remain to be cleared up with regard to the relative a-activities of 
radium and uranium minerals. A new determination has sub- 
stantially confirmed the original determinations. Taking the 
activity contributed by uranium (U-I and TJ-II) as unity, the 
total activity of the mineral is now found to be 4*73 instead of 
4*69, and the part due to radium itself as 0*488 in place of 0*45. 
If, however, the radium were produced from the uranium in a 
direct line without branching, its a-ray activity, calculated from 
the law that the ionisation is proportional to the two-thirds power 
of the range of the a-particles, should be 0*57. The value found, 
0*48'8, can only be accounted for if the actinium branch claims 
either 26 per cent, of the atoms disintegrating if it starts from 
uranium-I, or 14 per cent, if it starts from uranium-77. From 
the proportion of the total activity contributed by the actinium 

^ E. Gleditsch, Archiv for Mathematih og Naturvidemhab, Christiania, 
19 19, 36 , Nr. 1 ; compare A. Fleck, T., 1913, 103 , 384. 

S. C. Lind and L. B. Roberts, Armr. Ohem. Soo., 1920, 42, 1170 ; 
A., ii, 463; compare Becker and Jannaseh, Jahrb. Badioahti:V- Elehtronih, 
1915, 12 , i ; F. Soddy and {Miss) A. F. R. Hitchens, Phil. Mag., 1915, [vi], 
30 , 218; A., 1915, ii, V26; E. Gleditsoh, he. ciL 
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^ries, estimated from both tbe new and tbe old measurements as 
0*26 to 0*28 in terms of that of the uraniums as unity/ a branch- 
ing factor of 8 per cent, for the actinium series has hitherto been 
accepted, but work about to be considered has reduced this to 
3 per cent, or less, so that a real inconsistency between the experi- 
mental data and our theoretical interpretation exists, the clearing 
up of which might throw much light on the branching of the 
series.®® 

The Uranmirb- Actinium Ratio, — ^In a study of the pitchblendes 
of Morogoro and St. Joachimsthal, broeggerite from Norway, and 
two thorianites from Ceylon, representing extremes of Th/U ratio, 
the constancy of proportionality between radium, and therefore 
uranium, and actinium has been confirmed. Since the thorium- 
uranium ratio varied between the limits of 6 x and 6, the 
independence of actinium and thorium, and the genetic connexion 
between actinium and uranium, follow.^® 

The U ranium-Xr-U ranium-Y Ratio, — For uranium derived from 
the same materials, the constancy of proportionality in the rates 
of production of uranium-X and -7 was established, and the genetic 
connexion extended to the supposed first member of the actinium 
branch series, uranium- 7. In this work, periods of average life 
for uranium-Xi of 34-37 days, and for uranium-7 of 35*53 hours, 
were found. The former is slightly, and the latter considerably, 
less than the previously accepted values, namely, 35*5 days and 
52*8 hours. 

The method adopted for separating from uranium the 
uranium-Xi and -7, both being isotopes of thorium, consisted in 
neutralising the strong uranium solution with sodium hydroxide 
(not potassium hydroxide or ammonia) and adding a small quantity 
of a solution of a cerous salt and hydrofluoric aoid. The cerous 
fluoride carries down with it the thorium isotopes, and is redis- 
solved in hydrochloric acid. A milligram of dissolved zirconium 
is added, and the solution is precipitated with a solution of sodium 
hydrogen hypophosphate, NaHP0s,3H20, according to the method 
of Koss. This precipitates the thorium isotopes with the zirconium 
and leaves the cerous salt dissolved. The relative activity of 
uranium-Xj and -7 proved to be independent of the source of the 
uranium, and from it a branching factor, for the actinium series 
of at most 4*2 per cent, was deduced.^ 

Ann, Reports, 1909, 6, 259 ; J. H. L. Johnstone and B. B, BoltvOod, 
Phil Mag., 1920, [vi], 40, 50 ; A,, ii, 523. 

S, Meyer and V. P, Hess, Sikungsber, Ahad, Fw. Wim, 1919, 128, 2a, 
909 ; A., ii, 658. 
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Varmi of Details have been published of the separ- 

ation of ‘the direct parent of actinium, proto-actinium or eka- 
tantalum, from pitchblende residues.^2 prolonged and repeated 
treatment with nitric acid, the other radioactive constituents, 
including radium, may be almost completely removed. A little 
tantalum oxide is then added, and the material extracted with 
hydrofluoric and sulphuric acids. The addition of a few milli- 
grams of thorium and lead nitrates at this stage serves to keep 
traces of ionium, uranium-X, and radio-lead in the insoluble form. 
The filtrate is evaporated to dryness, which leaves the tantalum 
and proto-actinium in an insoluble form, from which impurities, 
such as iron, zirconia, and the like, may be removed by boiling 
with aqua regia. So far, all attempts to separate proto-actinium 
from tantalum have failed. 

By various elaborations of this method, the whole of the proto- 
actinium from pitchblende containing a known amount of uranium 
was carefully separated, and its a-activity measured. If the 
branching factor of the actinium series were 8 per cent., the pre- 
paration should have an a-activity equal to 4 per cent, of that 
of the uranium in the mineral. As a mean of six determinations, 
it was found that the branching factor was only 3 per cent. The 
completeness of the separation and the avoidance of loss during 
the chemical treatment were proved by carefully chosen tests with 
a previously prepared and measured preparation. 

Period of Actinium , — From these proto-actinium preparations, a 
new and independent determination of the life of actinium was 
arrived at in the following manner. From the known ranges of 
the six a-rays of the actinium series, including that of proto- 
actinium, it follows that the initial a-activity of proto-actinium 
must be in the ratio 1 : 5*74 to the a-activity of the substance after 
equilibrium with the five a-ray-giving members of the actinium 
series has been attained. The proportionate increase of the 
a-activity over periods from 400 to 600 days corresponds with a 
half-period for actinium of 20 years, or to a period of average life 
of 28*8 years. This is in good agreement with the further results 
obtained by observations on the decay of activity of actinium itself, 
so that the period of actinium may now be regarded as known with 
reasonable certainty.^® 

Ann. Bepmts, 1918, 15, 195. 
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Various. 

Rad-mictivlty of Euhidium. — An examination of tlie very feebly 
penetrating jS-aotivity of rubidium compounds bas confirmed tbe 
view that it is an atomic property of rubidium, and is unaffected 
by chemical purification or treatment. The rays are somewhat 
more penetrating than those of uranium- 

[p.Ai = 347-308(cm.)'-b 

as compared with 463 for the ^-rays of uranium-A\ and 312 for 
those of radium]. Their velocity is estimated as 0*6 that of light. 
The activity is feeble. A surface covered with 0*025 gram of 
rubidium sulphate per sq. cm. possesses the same activity as one 
covered with' 0*00033 gram of uranium oxide per sq. cm. (total 
^-rays). Eliminating the penetrating /B-rays of uranium-Xg, and 
extrapolating to a film of zero thickness, so correcting for absorp- 
tion, it is estimated that the specific activity of the element 
rubidium is one-fifteenth of that of uranium, due to the change of 
uranium-X^. The product of the change, if the normal law is 
followed, should be an isotope of strontium. It is suggested that 
the search for calcium, strontium, and csesium, respectively, in 
minerals containing potassium, rubidium, and csesium, and the 
determination of their atomic weight, if found, might throw 
further light on the radioactivity of the alkali metals."^ 

Changes in the Badioactivitg of the -Oxides of Uranium , — Some 
results in this field incompatible with the present theory of radio- 
activity have been recorded. The a-activity of various prepar- 
ations of oxide of uranium showed a diminution over a term of 
years from 1 to 31 per cent. The greater decreases occurred with 
the green oxide, prepared by the gentle ignition of ammonium 
uranate, and the smaller with the black oxide, obtained by strong 
ignition of the nitrate, preparations of intermediate colour show*- 
ing intermediate behaviour. In a preparation the a-activity of 
which had fallen from an initial value 5*96 to 4*64, the initial 
activity was restored by solution in nitric acid and ignition. It 
is unfortunate, perhaps, that no changes of weight of the prepar- 
ations were looked for, for such results might be due to the possible, 
although hitherto unobserved, gain of oxygen or moisture by the 
feebly ignited green oxides from the atmosphere. On the other 
hand, from the impurities separated from the uranium, increases 
in a-activity from 7 to 93 per cent, were observed, the rate of 
increase in one case corresponding with a period of 1*1 months.^® 

0. Habn and M. Rotbenbach, Physihal. ^eitsch,-, 1919, 20, 194; 4., 
1919, ii, 312. ’5 C. Staebling, Oompt. rend., 1919, 169, 1036 ; A., ii, 5. 
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Fenod of minute growtli of radmm from large 

amounts of carefully purified uranium, already recorded, lias since 
proceeded regularly according to tlie square of the time, and a 
definite estimate of the period of ionium can now be deduced from 
the measuiements. This is the same as that already provisionally 
calculated. Actually, the product of the periods of average life 
of ionium and radium alone is involved, and this, to an uncertainty 
of at most 5 per cent., is 237,500,000 years. The period of ionium 
is thus 100,000 years if that of radium is 2375 years. The actual 
growth of radium from 3 kilograms of uranium (element) in 
10 years has been 2 x 10 ~io gram.^® 

Ffdotiondl Cvystdllisdiioti of Radiu7}i and McsothoviuTu frovi 
Bdriurti. -The theory and practice of the enrichment of radium 
and mesothoriuin from barium in the fractional crystallisation of 
the chloride and bromide has been the subject of two communica- 
tions. The enrichment factor, 7i, is defined as the ratio of the 
active material in the crystals to that in the original material in 
the solution. As regards the chloride, K varies from 1*66 for an 
acidity 0*25yy, with 44 per cent, of the salt crystallising, to T49 
for an acidity 2 A, with 58*3 per cent, crystallising. The condi- 
tion chosen for study was O-SA-acidity, with 50 per cent, crystal- 
lising, for which K is 1*62. For the bromide, the value of K fell 
from 2*60 for 0’25A-acidity and 30 per cent, crystallising, to 2*45 
for TO A and 38*2 per cent, crystallising. The condition chosen 
for further study was 0-33A-acidity and 33*3 per cent, crystal- 
lising, for which K is 2*5. The enrichment factor is independent 
of the relative concentration of radium or radium and meso- 
thorium in the solution. From the second communication it 
appears that, so long as the same fraction of crystals separate, it 
is independent of acidity. As already known, the bromide offers 
advantages over the chloride in speed of separation, especially in 
the earlier stages of the separation. Some evidence was obtained 
of the formation of a compound, RaBr 2 , 2 BaBro, 6 H 20 , as the final 
product of the fractionation in a weakly acid solution, correspond- 
ing with per cent, of anhydrous radium bromide, which would 
explain the advantage of the chloride over the bromide in the 
later stages of the purification. On the other hand, in very 
strongly acid solutions, above 2A, and very small concentration of 
the radium, below 10 “^, the process is actually reversed, and more 
of* the radium remains in the mother liquor than separates out 
with the crystals. 

The most favourable method of carrying on the fractionation 

Ann, Reports, 1916, 13, 249; F. Soddy, Phil Mag., 1919, [vi], 38, 483; 
A,, 1919, ii, 443. 
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in practice is by a system in which the crystals and mother liquors 
move one step in opposite directions in the series at each crystal- 
lisation, except for the fractions enriched above the initial con- 
centration, the mother liquors from which move two steps. In 
such a system carried out continuously, representing the initial 
concentration as unity, the series runs as shown, the figures 
representing the concentrations in each unit of the system: 


Mother liquor 


• 4 - 




0 0016 0 008 0*04 0*20 1-0 2*3' 5-0 12*3 27 — > 

Crystals — >■ — ^ ^ 


In another study of mesothorium-radium-barium bromides, the 
activities were determined by y-ray methods. The value of K was 
found to vary from 2*57 with 24*3 per cent, crystallising to 1*44 

with 69 per cent, orystallising.^s 

Solubility of Eadium Emanation , — ^Two series of determinations 
of the solubility of radium emanation in organic solvents, for the 
most part, have appeared. The solubility in these is much greater 
in general than in aqueous liquids, and increases as the hydro- 
carbon character of the solvent predominates over the aqueous, 
rising steadily, for example, in a series of aliphatic alcohols or 
acids. A new determination of the coefficient of diffusion of the 
radium emanation in water at 14° gave the value 0*82 cm. per 
day, which corresponds with a molecular diameter of 1*85 A.®® 
The value deduced from the space-lattioe of crystals was about 
two-thirds of this. 

y-Activity of Thoriunv-D . — ^The conclusion that in a thorium 
mineral 36*3 per cent, of the y-radiation is due to mesothorium-2 
and 62*7 per cent, to thorium-Z> has been confirmed by a com- 
parison of the y-activities of quantities of the two products in 
equilibrium with the same quantity of thorium. The y-activity 
due to thorium-D was found to be 1*81 times as great as that due 
to mesothorium-2. Since only 35 per cent, of the thorium atoms 
disintegrating produce thorium-D’, it follows that, atom for atom, 
thorium-D gives 5*17 times as much y-xadiation as mesothorium-2. 
From these data, a table of the changes of the y-activity of a pure 
mesothorium preparation with time has been constructed. If the 

” C. E. ScboU, J. Amer. Ohem. Soc., 1920, 42, 889 ; A., ii, 408. 

J. L. Herman, J, Physical (Jhem.f 1920, 24, 192 ; A., ii, 408. 

Alfred Scbultze, PhysiTcjaL Zeitseh,, 1920, 95, 267 ; A., ii, 677 ; G. 
Hofbaner, Sitzungaber, Ahad, Wus. Wien, 1914, 123, 2a, 200L 

•• E. Ramstedt, Medd, K* Vstmakapsahad. Nohel Inst., 1919, 5, Ko. 5 
A,, ii, 72. *1 Arm, EeporU, 1918, 15, 220, 
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initial activity 
unity agaiii .®2 


IS unity, in three years it is 1*62, and in ten years 


Natwral Badioactivity. 

Bmss.~Th.Q improvements in the methods of recording the 
passage of individual a-particles have been applied to the 
excessively feeble natural radioactivity of common materials, and 
have thrown light on the important question whether this is wholly 
due to known radioactive impurities or is in any part a specific 
activity. A statistical examination of the a-particles emitted from 
a hollow brass sphere showed that a large number of the a-particles 
possessed a very short range, shorter than that of any of the known 
radio-elements. The rate of emission was one a-particle per sq. 
cm. of surface in 9*25 hours. The range of this new type was 
estimated at 1*8 cm. of air. By the Geiger-Nuttall relation, this 
corresponds with a period of life 1*5 x 10® times that of uranium. 
Hence the inference is formed that the a-particles are derived from 
an actual disintegration of the metal, either copper or zinc, with 
this excessively long period of IQi® years. From copper an isotope 
of cobalt, and from zinc an isotope of nickel, would result in an 
a-ray change. It is sad, however, that such elaborate and 
important physical experiments should be conducted on such a 
material as — ^brass! 

Bocks . — survey of the radioactivity of the rocks encountered 
in the piercing of the Loetschberg Tunnel, which runs from 
Kandersteg to Goppenstein, in the Bernese Oberland, showed 
unusual similarity of composition along the length of the tunnel. 
This agrees with the fact that no abnormal temperature gradient, 
such as was encountered in the St. Gothard Tunnel, was experi- 
enced. The average of all the rocks (eighty-two specimens) was 
2 * 2 (xl 0 -i 2 grams of radium per gram). The rocks at the 
Kandersteg end are Jurassic limestones, in the centre Gaatern 
granite, and, at the southern end, crystalline schists of all classes. 
The granites were somewhat lower in radium content, and the 
calcareous and schistose rocks somewhat higher, than the average 
for these classes.®^ 

The rocks of the Kolar gold field, on the Mysore plateau, 
southern India, consist of schists of very uniform character, which 
contain as little radium as, and are probably older than, any rocks 
known. The temperature gradient in the mines is abnormally 

H. H. McCoy and G. H. Oartledge, J. Amer. Ohem. Soc., 1919, 41, 42 
A., 1919, ii, 89. 

J. H. J, Toole, Fhil Mag., 1920, [vi], 40, 466 ; A., ii, 657. 



248 ANNUAL EEPOETS ON THE PBOGRESS OF CHEMiSTlliL 


low. Tlie average radiiun content was 0*19 x 10" gram pet 
gram.^ 

Spring Waters. — A. survey of sixty Canadian mineral springs, 
and, later, of six hot springs at Banff, Alberta, disclosed only 
moderate activities. The latter are the most active in Canada, and 
possess an emanation content of from 2 to 6( x curie per 

litre). For the escaping gases, higher values, up to 24, were 
obtained.®^ The springs of Colorado are exceptionally active, the 
emanation content fox ninety-five exceeding 10, and for five 100. 
The most active, 305, is surpassed by fevr European springs. 8® 

The sulphur-soda springs of Bagneres-de-Luchon have been 
found to be the most radioactive in France, and, apart from such 
waters as actually originate in uranium mines, to be exceeded in 
activity by less than a dozen in the whole world. The group of 
some twenty-four springs possessed an emanation content between 
4 and 415, five being above 240, and higher than any other French 
springs.®^ 

The principal spring at Bagnoles de FOrne showed, over a month 
of observations, variations in emanation content from 2 to 15. 
Previous observations had given much higher values, 24 in 1907 
and 113 in 1904. These variations have been traced to the rain- 
fall. After rain, at an interval varying from six to thirteen days, 
the springs in this neighbourhood were found to reach a maximum 
emanation content, the greater the heavier the rainfall. This 
shows that the activity of the spring is derived from surface waters 
percolating through radioactive strata and mixing with the deep 
spring water. 88 Two papers dealing with the practical technique 
of such measurements have appeared.®® 

The Ocean . — The rate at which radium is supplied to the ocean 
by rivers and the denudation of the land cannot maintain the 
quantity present. It follows that there must be in sea-water 
uranium and ionium in equilibrium proportion to the radium. 
Taking the mean radium content of sea- water as 1*2 x 10“^^ gi’am 
per C.C., the uranium must be 4 x 10“® gram per litre of sea-water, 
or 0*1 milligram per kilogram of sea-salt. This is about one-tenth 
of the estimated content of gold in .sea-water. On this view, no 

« H. E. Watson and G. Pal, J. Ind, Inst. Sci., 1914, 1 , 39 ; A., ii, 278. 

J. Satterly and B. T. Elwortby, Trans. Hoy. Sac. Canada, 1917-1918, 
[hi], 11. 17, 27 ; 12, 153 ; A., 1919, ii, 41, 72, 312. 

O. C. Lester, Amer. J. $ci., 1918, [iv], 46, 621 ; A., 1919, ii, 6. 

A. Lepape, Gompt. rend., 1920, 171 , 731 j A., ii, 72L 

P. Loisel, ibid,, 1919, 169, 791; 1920, 171 , 868; A., 1919, ii, 489; 
1920, ii, 727. 

»» 0. Nftrnberger, Phyaikal ZeitscK 1920, 21 , 198 ; A., ii, 34S ; H 
Gremaoher, iUd., 270 ; A., ii, 463 
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great variation of radium content with depth is to be anticipated 
In the oc^an. It is calculated that the ocean and the land must 
be approximately equal factors in maintaining the amount of 
emanation in the atmosphere, the smaller contribution of the ocean 
per unit of surface being counterbalanced by its greater area,®*^ 

The Atm.ospliere . — ^At Innsbruck, as the result of forty-nine 
observations of the emanation content of the atmosphere by the 
charcoal method, values were obtained between 1110 and 43, with 
a mean of 433 ( x 10 curie per litre), which are considerably above 
those found in othe'r localities.®^ 

It will be recalled that in 1912, during balloon ascents, an 
increase in the penetrating radiation of the atmosphere was 
recorded, which became considerable at the height of 3000 metres.®- 
Now kite experiments, carried out at the aeronautical observatory 
of Lindenberg, Prussia, have shown that the active deposit on a 
wire under the influence of the earth's field is much greater at 
heights between 1000 and 2500 metres than at the surface. A 
study of the variations of this from July 29th to December 2nd, 
1913 (ninety-eight observations), showed that strong increases 
occurred with the fall of the barometer. Since, at this height, the 
supposed explanation of the influence of the fall of the barometric 
pressure in facilitating the escape of emanation from the surface 
soil fails, the changes of activity and pressure are regarded as 
originating in a common cause. A clear parallelism was found to 
exist between the changes of the activity and what is ’termed the 
“ potential temperature ” of the layer of the atmosphere between 
1000 and 2500 metres. By this term is meant the temperature 
which the air would assume if adiabatically brought to normal 
pressure. Presumably the changes of this function are independent 
of internal meteorological influences, and are a measure of the 
external solar influences. However that may be, temperature 
changes are supposed to be the cause of the pressure changes, and 
themselves to originate from a mass radiation from certain limited 
zones of the solar surface of emanation particles into the upper 
atmosphere, which owes to this its chief source of heat. What- 
ever the explanation may prove to be, the study of the radio- 
activity of the upper atmosphere is clearly likely to lead to 
important advances.®® Frederick Soddy. 

V. F. Hess, Sitzungsher, Alcad. Wiss, Tfien, 1918, 127, 2a, 1297. 

B. Zlatorovic, Wien, Anz,t 1920, 75; A., ii, 657. 
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Colour, relation of, to constitution, 75- 
Co^ounds, unsaturated, 81, 
iwConiine, 108, 

Copper salts, action of, on vegetation, 
190, 

estimation of lead in, 132. 
Ooumaranones, reactions of, 100. 
Croj®, composition of, 194. 


a?ZoCryptopme, 123. 

Crystal lattice, energetics of the, 1^ 9. 
Crystals, electrolytic conduction in, 
208. 

ultramicToscopic inclusions in, 208. 
dehydration process in, 214. 
Crystallography, comparative chemical, 
210 . 

physical, 208. 

Cupferron, use of, in analysis, 146. 
Cuskhygrine, 125. 
isoGyanines, 121. ' 

Cyanogen chloride, preparation of, 69. 
Hydrocyanic acid, syntheris of, 68. 
in plants, 197. 
detection of, 138. 

Cyclic compounds, stability and forma- 
tion of, 102. 

structures, formation of, 97, 104. 

Dextrose, detection of, 138. 

estimation of, 141. 

Diamond, artificial production of, 42. 
Diazo-compounds, estimation of, 140. 
Diethyl sulphide, i^0'-c?ichloro-, pre- 
par^ion of, 58. 
estimation of, 135. 

Diphenylamine reagent, preparation of 
the, 144. 

Diphenylnitric oxide, reactions of, 83. 

?*-Ecgonme, ethyl ester, 127. 
EfHorescence, 2i4. 

Electrochemical analysis, 148. 
Elements, spectra of the, 31, 232. 
Elsholtzione, 114. 

Ethers, catalytic preparation of, 55. 
Ethyl alcohol, production of, from 
acetaldehyde, 54, 
estimation of, 150. 

Ethylene glycol, estimation of, 140. 
Ethyl ether, oxonium compound of, 65. 

Fats, natural, synthesis of, 58. 
Ferments, 168. 

Ferrous salts, oxidation of, by sulphur 
dioxide, 48. 

Fertilisers, 187. 

Flavones in plants, 195. 

Fluorine, atomic weight of, 35. 

Food substances, accessory, 164. 
Formaldehyde, condensations with, 78. 
oxidation of methyl alcohol to, 56. 
diastase-like properties of, 168. 
colour reactions with, 137. 
Friedel-Crafts’ reaction, 78. 

Gas analysis, 133. 

Gases, ionisation in, 13. 
resonance potentials in, 13. 
rare, 37. 
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Geiger-Nuttall relatiorij 233. 

G-lucal, constitution of, 64. 

Gluconic acid preparation of, 56. 
r-Glutamic acid, |8-hydroxy-, synthesis 
of, 155. 

Glycine, unstable variety of, 157. 
Glyoxalines, 115. 

Guaiacol, detection of, 139. 

Guanidine, preparation of, 68. 


Halogen atoms, neutral, affinity of, for 
electrons, 4. 

compounds, aliphatic, 58. 

Halogens, estimation of 139, 150. 
Halogenation, 76. 

Helium, production of, 37. 
structure of, 32. 
atom, structure of the, 19. 
estimation of, 134. 

Histamine, 172. 

Hofmann reaction, 80. 

Homo camphor, preparation of, 91. 
Hormones, 172. 

Humic acid, estimation of, in soil, 177. 
Humin, 177. 

Humus, 175, 

Hydrindene group, 92. 

Hydrocarbons, 52 
heat of combustion of, 

Hydrocyanic acid. 5'ee under Cyan- 
ogen. 

Hydrogen, structure of, 32. 
tri atomic, 37, 
ionisation of, 13. 

sulphide, influence of, on the occlu- 
sion of hydrogen by palladium, 50. 
estimation of, 133. 

Hydrogen-ion concentration, deter- 
mination of, in blood, 164. 
Hydroxylamine, preparation of deriv- 
atives of, 68. 

Hyptolide, 114. 


I gniti on -tern p er atur e s , de ter mination 

of, 131. 

Tndazole, derivatives of, 108. 

Inorganic analysis, 142. 

Innlin, 66, 

Iodine, ionisation of, 17. 
action of potassium chlorate on, 49, 
'pentoxide, preparation of, 48. 

Period! des, aliphatic, 59. 

Iodic acid as a reagent, 143, 144. 
lodometry, 145. 

Ionisation in gases, 13. 

Ionium, life-period of, 245. 

Ions, heat of hydration of, 3, 4. 

electrolytic, mobility of, 22. 

Iron, estimation of, 150. 

Isotopes, 221. 

separation and properties of, 225. 


Ketones, 56. 

unsymmetrical, phytochemical redy j- 
tion of, 61. 

Krypton, structure of, 33. 


Lawsone, 85. 

Lead, isotopes of, 223. 
of radioactive origin, atomic weight 
of, 223. 

melting point and spectra of, 224. 
hydride, 46. 
tri^-2-xylyl, 96. 

Lienine, 173. 

Lignin in plants, 195. 

Liquids, estimation of acidity of. 131. 
i organic, identification of, 151. 
i Lithium meta silicate, 38. 


1 Magnesium, detection of, 144. 

[ separation of, 146. 
j Manganese, estimation of, 136. 

I Mercury, structure of, 33. 
organic compounds, 96. 
estimation of, 146. 

Mesothorium, enrichment of, 245. 

Metals, structure of, 7. 
colloidal, 36. 

Methyl alcohol, detection of, 137. 
estimation of, 140. 

Microchemical analysis, 144. 

Mineral systems, thermal studies of, 

212 . 

I Minerals, specific heats of, 209. 

Molecular magnetic fields, 9. 
rearrangement, 85. 

Molybdenum, detection of, 143. 
estimation of, 147, 150. 


Naphthalene, nitro-derivatives, analy- 
sis of, 132. 

Naphthalene group, 92. 

Neon, structure of, 32. 

ionisation of, 17, 

Nephelometer, new, 132. 

Nickel, estimation of, 146, 150. 
Nitrates, detection of, 144. 

Nitration, 76. 

Nitric esters, decomposition of, 55. 
Nitriles, preparation of, 68. 

Nitrites, detection of, 144, 151. 
Nitro-compounds, estimation of, 140. 
Nitrogen, structure of, 32. 
ionisation of, 16. 

quadrivalent, a radicle containing, 
106. 

assimilation of, in plants, 1^. 
compounds of metals, 46, 
organia, stereoisomerism of, 106. 
aliphatic, 68. 
estimation of, 140. 

Nitrosyl bromides, 46. 



INDEX OE SUBJECTS. 


263 


Ocean, radioactivity of the, 248. 

0 'aque subs^nces, methods of investi- 
gating, 211. 

Optical activity, 59. 

Organic analysis, 137, 

Oridine, 166. 

Osmium iefroxide, detection of, 143 
Oxalic acid, detection of, 138. 
Oxidation, 80. 

Oxygen, ionisation of, 16. 
estimation of, 134. 


Palladium, occlusion of hydrogen by, 
50. ’ 

o-Particles, impact of, on atoms, 217, 
218. 

Peat, 176. 

isoPelletierine, reactions of, 107. 

Pentosans, estimation of, 141. 

Peroxydasic function in plants, 197. 

Perylene, preparation of, 94. 

Phenol, estimation of, 141. 

Phenolphthalein, estimation of, 141. 

Phenyl-lactic acids, hydrolysis of esters 
of, 61. _ 

Phenylpyruvic acid, ethyl ester, enolic 
and ketonic forms of, 74. 

Phosphates, detection of, 144. 

Phosphoric acid, estimation of, 148. 

Phosphorus, red, reducing action of, 
46. 

organic compounds, 95. 
in soil, 177. 

Phthalic acid, potassium hydrogen salt, 
as a standard in alkalimetry, 144. 

Physical analysis, 130. 
crystallography, 208. 

Phytin, estimation of, 137. 

Pinacyanol, constitution of, 122. 

Plant growth, 188. 

effect of light and temperature on, 
193. 

relation of soils to, 185. 
water supply in relation to, 185. 
products, 113. 

Plants, alkaloids in, 196, 
assimilation in, 191. 
constituents of. 195. 
pigments in, 195. 
proteins in, 196, 

Potassium, pre|)aration of, 39. 
function of, in plant nutrition, 190. 
chlorate, action of iodine on, 49. 

as a standard in alkalimetry, 144. 
manganifluoride, preparation of. 49. 
p4atinichloride, hydrolysis of solu- 
tions of, 51. 
detection of, 144. 
estimation of, 148. 

Proline, hydroxy-, stereoisomerides of, 
158. 

Proteins, 155. 


I Protoanemonin, 114. 

I Pyrrolidine alkaloids, 125. 

Quinine, detection of, 139. 
Quinoline compounds, 116. 
dyes, 121. 


lladioactive minerals, studies of, 239. 
Radioactivity, natural, 247, 
of rocks, 247. 
of rubidium, 244. 
of uranium oxides, 244. 
of water, 248. 

Radium, enrichment of, 245. 
and uranium, relative a-activities of, 
241. ^ 

emanation, solubility of, 246. 
rays, chemical action of, 237. 
Radinm-uranium ratio, 241. 
a-Rays, 233. 

7 -Rays, 236. 

Resonance potentials in gases, 13. 
Rhodanines, Tl6. 

Rocks, radioactivity of, 247. 

Rubidium, radioactivity of, 244, 


I Samarium, atomic weight of, 35. 

Salts, electrical conductivity of, 24. 
heat of solution of, 3. 
double, examination of, 152. 
Scandium, atomic weight of, 35. 

fluorides, 42. 

Scopoline, 127. 

I Selenium acetylacetonate, 56. 

Silicon, atomic weight of, 35. 
function of, in plant nutrition, 190. 
compounds, inorganic, 44. 

Sodium chloride, electrical conductivity 
of, 26. 

ferrate, preparation of, 49. 
sulphates, action of alcohol on, 38. 
zincate, 41. 

Soil, 176. 
acidity of, 177. 
alkali, 186. 

estiination of ammonia in, 184. 

I organic matter in, 180. 

i organisms of, 181. 

oxidation of sulphur in, 184. 
relation of, to plant growth, 185. 
analysis of, 135. 

Sols, metallic, preparation of, 36. 
Spectra, high-frequency, 232. 
mass, 31. 

Stereoisomerism of nitrogen com- 
pounds, 106. 

Strontium sulphide, action of water on, 
40. ^ 

Strychnine, detection of, 139. 
estimation of, 141. 
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Sucrose, constitution of, 65. 

ejitimation of, 141. 

Sugars in plants, 196. 

estimation ^of, 141. 

Sulphates, estimation of, 145. 
Sulphonation, 76. 

Sulphur, oxidation of, in soil, 184. 
<fjoxide, solubility of, in sulphuric 
acid, 48. 

oxidation of ferrous salts by, 48. 
Synthesis, asymmetric, 74. 

symmetric and asymmetric, 109. 
Systems, mineral, thermal studies of, 
212 . 


Taste of organic compounds, 69 
Tellurium acetylacetonate, 56. 

Terpene, new bicyclic, 86. 

Thallium nitrate-nitrites, 42. 
Thorium-D, 7-actmty of, 246. 
Thorium minerals, age of, 239. 
Thyroxine, 175. 

Tin, atomic weight of, 35. 
hydride, 46. 
organic derivatives, 96. 
detection of, 143. 
estimation of, 145. 

p-Toluenedisulphochloroamide, sodium 
salt, colour reactions with, 137. 
Tricyclene, preparation of, 91. 


Tryptophan, metabolism of, 158. 

estimation of, 159. 

Tyrosinase, 169. 

Uranium and radium, relative a-activi- 
ties of, 241. 

oxides, radioactivity of, 244. 
estimation of, 147. 

Uranium-actinium ratio, 242. 
Uranium-radium ratio, 241. 
Uranium-X-uranium-F ratio, 242. 
Urea, estimation and formation cf, 
171. 

Urease, 169, 170. 

Vanillin in soil, 184. 

Vinyl ethyl ether, a^~dichlom~, 
preparation of, 59. 

Viscosimeters, new, 150. 

Vitamins, 164. 

estimation of, 142. 

Volumes, atomic, 201. 

Water, radioactivity of, 248. 

analysis, 150. 

Weights, atomic, 35. 

Zinc phosphates, 41, 

Zincite, crystal structure of, 205. 
Zirconium and its compounds, 45. 
estimation of, 147. 
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annual reports on the progress op chemistry. 

absence of limej an acid condition of soil and absolute sterility; 
fertility, however, is restored by the use of lime. This restoration 
was effected by aj>plying 2 tons per acre of lime (1897). Later 
experiments have been directed to seeing whether smaller quanti- 
ties would suffice, and in 1905 lime was applied in smaller quan- 
tities (5 cwt., 10 cwt., and 1 ton per acre respectively) to land 
previously incapable (through the continued use of ammonium 
salts) of bearing a crop. Among the striking results may be 
mentioned the following: — 

Wheat, Barley, - 

1906. 1906. 

Bushels Bushels 


Manures x^er acre. Corn. Corn, 

Ammonium salts, without lime 3 ’4 no crop 

,, ,, with 5 cwt. lime (1905) 19*2 11*6 

,, ,, with 2 tons lime (1897)... 26*1 25*4 

Mineral manures and ammonium salts, without lime — 1*7 

,, ,, ,, ,, with 1 ton lime 

(1905) ... — 33*9 

,5 5 - ,, j, with 2 tons lime 

(1897) ... — 44*3 


Incidentally these results also show that the influence of an appli- 
cation of two tons of lime to the acre will last for quite nine years, 
the dressings put on in 1897 still showing their effects. F. 
Wohltmann, H. Fischer, and P. Schneider ^ state that manuring 
with lime increases the power of decomposing nitrogenous substances 
in soils, and that both nitrification and denitrification are assisted 
by it. M. Hoffmann^ instances experiments extending over five 
years, and showing the general benefit of lime, even leguminous 
plants (lupins) profiting by it. R. XJlbricht,^ however, finds that 
with lupins, vetches, and serradella the application' of lime produces 
a slightly diminished assimilation of nitrogen and phosphoric acid, 
the magnesia in the plants being at the same time considerably 
increased. 

Investigators in Japan have continued their inquiries into 
the relations of lime to magnesia in soils as affecting the 
yield of crops. Thus, G-. Daikuhara ^ showed that the yield of 
barley in a soil having the ratio CaO : MgO : : 0‘34 : 1 was doubled 
when, by the addition of calcium carbonate, the ratio was made 
1:1. The same author, experimenting with tobacco, found that 
if the ratio of CaO to MgO, in a soil of 1 : 1, was increased by 
liming to 2 : 1 or even 4:1, benefit was obtained. The latter 
proportion corresponds to the ratio of these constituents in the 
ashes of tobacco. With flax and spinach S. IsTamikawa ^ obtained 

1 BUd, OmtT., 1905, 34, 805. 1906, 35, 12. 

2 Lanvlto, Vcrstcchs-Siat., 1906, 63, 321. 

B 2 dL Io7i27. Qentr. Agr. Exp. Stat. Japan, 1905, 1, 13. 

Bull. QolL Agr. Tokyo, 1906. 7, 57. 
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ilie besi resuils by lii.'ikiiig tb*j ratio oi CaO to llgO 1 : 1. On fciie 
other hand, S. Maki and SS. Tanaka^ showed that if land be over- 
limed, it may be benefited by adding- inagiiesiuni sulphate to it. 
^Manuring with magnesium sulphate has been tried in several 
instances (magnesium carbonate being diSieult to obtain in Japan), 
and it is found that it has about seven times the efScacy of 
magnesite, so that when magnesium sulphate is used the ratio of 
CaO to MgO should be 7:1, whereas with magnetite it should 
be 1 : 1. 

Interesting as these results in regard to lime and magnesia are, 
it has to he reniemhered that the experiments have been with pot- 
culture onhy and they need the confirmation of field wmrk. It 
would be very desirable to gather experience from field soils 
containing lime and magnesia in different relative proportions, and 
to ascertain if the general results obtained in pot ‘experiments hold 
good in actual practice. 

Phosj^hates, 

D. IsT. Prianischnikoff - has experimented on the relative value of 
different phosphates. In sand culture the effect of bone meal was 
about 50 to 60 per cent, of that of soluble phosphates, and when a 
crude phosphate, like phosphorite or apatite, was used, although 
gramineous crops improved very little, lupins did so considerably. 
In sand cultures ammonia salts had the power of rendering even 
very sparingly soluble phosphates available for the use of plants. 
The same author,^ working with aluminium phosphate and iron 
phosphate, found that millet, vetches, and mustard, grown in sand, 
would assimilate the phosphoric acid from aluminium phosphate, 
either when merely dried or when ignited, as also from iron phos- 
phate if merely dried, but not if ignited. Rye and wheat, how- 
ever, could not utilise the phosphoric acid of crude phosphates, 
although lupins did as well wuth crude phosphate as wdth bone 
phosphate. 

Different processes have been suggested for rendering raw 
phosphates available for use. One of these is that of the Wolters 
Phosphat. Gesellschaft,^ in which raw phosphates are melted in a 
Siemens’ furnace with alkali silicates and lime, the product being 
then led into cold water, when nearly all the phosphoric acid is 
found to be soluble in citrate solution. The materials suggested 
for use are : — Tricalcium phosphate 40 per cent,, silica 30 per 
cent., lime 14 per cent., soda 16 per cent. 

1 Sull. Ooll, Agr, Tokyo, 1906, 7, 61. 

® Landw. VersucTis-Stat., 1906, 65, 23. 

3 Bied, Centr., 1905, 34, 741. 

^ Eng. Pat, 9183, April 18, 1906. 
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Tile influence of piiospiioric acid on straw lias been observed by 
B. Lienaii and A. Stutzer,^ who conclude that it promotes the 
thickening of the cell wall. This effect is, however, greatly 
diminished if much potassium, calcium, or nitrogen is present. The 
smaller the amount of total ash and of potassium in the straw, 
the greater will be the thickening of the cell walls; the appli- 
cation of phosphates has the effect of reducing these quantities, 
whilst the amount of phosphoric acid in the straw is found not 
to be itself dependent on the quantity supplied as manure. 

G. Andre ^ determined at various stages the phosphoric acid 
and nitrogen in the sap of certain quickly-growing annuals (Palaver 
and Fy rethrum), with the result that the nitrogen in the sap was 
shown in general to dimmish as the phosphoric acid increased. He 
also found that in annuals a portion ' of the phosphoric acid 
migrated, as soluble mineral phosphate, from the leaf to the 
ovule, while another portion is removed in combination ■with 
nitrogenous organic substances. 

W. Windisch and W. Vogelsfj^ng^ have investigated the nature 
of the phosphoric acid that occurs in barley grain. In making a 
cold-water infusion of barley they found that this contained 
phosphoric acid of w^hich a considerable portion was in the 
inorganic state. But when the infusion w’as made in such a way 
as to exclude the action of enzymes, the whole of the phosphoric 
acid was found to be in the organic state, and they conclude that 
raw barley contains no inorganic phosphates, but that these are 
only produced when the organic compounds are, as in the steeping 
and malting processes, subjected to the hydrolytic action of the 
enzymes. This change goes on better in the dark. 

W, Zaleski,^ from experiments with seedlings of Lupinus 
angustifolius, has come to the same conclusion regarding the action 
of enzymes on proteins containing phosjihorus, and shows that 
inorganic phosphates are in this way produced. 

A. B. Emmett and H. S. Grindley® have similarly examined the 
phosphorus-containing substances in flesh, and find that in beef 75 
per cent, of the total phosphorus is soluble in cold water, and 
that one^-fourth of this consists of organic compounds. 

^ Landw. Vermchs.'StaL, 1906, 65, 253. 

® Oompt rand., 1906, 142, 106, 249. 

« WocK Braiu, 1906, 23, 516. 

4 Chem, Gmtf., 1906, ii, 893. 

J. Amer, Chem. Soe., 1906, 28, 25. 
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A iailahilily of Phosphoric in Soifs, 

A. D. Hail and A. Amos ' have further investigated tlie means 
of determining the amount of plant food — especially pliosplioric 
acid — wliicli may be reckoned as being irniiieJiately '* ^available ” for 
plant food. They criticise B. Dyer's citric acid iiietliod, and- point 
out that, although very useful, it must be regarded as pnarely 
empirical, inasmuch as it is based uxi the now generally' abandoned 
theory of the excretion by roots of acids other than carbon dioxide. 
The American method of using a A 200 solution of liydrocliioric 
acid is similarly' criticised. Both lea,ve out of account the nature of 
what is left in the soil, a.ud presume that this will not in turn btcoriie 
“■ available ’’ until the soil has undergone a further weathering 
process. Many circumstances, such as cultivation, the supply of 
water, the nature of the crop grown, &c., will cause variations in 
the amounts of the constituents assimilated by' the crop. This has 
led Whitneys to regard the soil water as the inijiortaiit matter of 
consideration, and as possessing a constant conpoosition for all soils, 
being always in equilibrium. Hall and Amos accordingly' adopted 
the plan of attacking the soil continuously' with the solvent, removing 
the first portion of the solution after equilibrium had been attained. 
The remainder of the soil ivas then attacked with a fresh portion 
of the solvent, and so on. At first the solvent employed was carbon 
dioxide and water, but, because of the difficulty' of filtration, and 
that some of the soil got into the extract, this was given up in 
favour of a 1 per cent, solution of citric acid«i A period of tw'enty 
hours, with constant agitation, was found to suffice for the first 
separation, and to remove as much phosphoric acid as was extracted 
when the process was continued for five days. The solution was 
removed, the soil washed free of acid, and then again agitated with 
a further quantity of sokv’ent. The calcium carbonate originally 
present was practically all removed in the first extraction, and no 
steps were taken to restore it. In the second extraction less than 
half the amount of phosphoric acid was removed, in the third about 
one-half that obtained in the second, and, finally, by the time of 
the sixth extraction the quantity removed by each successive 
treatment became constant. 

Experiments were then made on the soil to which dicalciuni 
phosphate was added, and it was ascertained that some of the 
phosphoric acid soluble in the citric acid was retained in the solid 
state by the soil. After a fourth and fifth extraction a point was ^ 
reached where the compound remaining in the soil was uniform. 

1 Trans ., 190t), 89, 205. 

T 2 
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13 lit tins iDuiiif of equilibrium Vciried m dili'ereni soils, indicating 
differences in tlie nature of the phosphoric acid conipoii|ids in soil. 
Whitney’s theory of the formation in soils of solutions of 
approximately constant composition, and independently of the 
fertilisers used, is thus not supported, and it would appear that 
the soil water is of varying concentration in different soils. The 
available phosphoric acid is shown by the sum of the phosphoric 
acid removed in the first four or five extractions; but as this has 
a constant ratio to the amount dissolved in the first extraction of 
twenty hours, for all ]practical purposes a single extraction gives as 
good a result as repeated ones. 

G. S. Traps^ states that aluminium, iron, and calcium phosphates 
(as in phosphorite, vivianite, apatite, &c.), dissolve completely 
in iY/S hydrochloric and nitric acids under soil conditions. 
Conducting pot experiments with cow-peas he found that the plants 
removed from 17 to 60 per cent, of the phosphoric acid soluble in 
nitric acid, and he concluded that a relation was indicated between 
the phosphoi'ic acid so dissolved and the needs of the soil. 

Potash and Soda, 

M. Berthelot,2 by treating wood ashes with 1 per cent, hydro- 
chloric acid and then washing with water, found that from 5 to 6 
per cent, of the total potassium was retained as organic compounds. 
He also ascertained the presence of organic potassium compounds 
in living vegetable tissues; if digested with potassirim acetate 
solution the insoluble organic matter fixed a certain amount of 
potassium, and if solution of calcium acetate was used calcium was 
fixed and jDotassium liberated. 

Tlie influence of potassium manures on the quality of baidey 
has been studied by several observers, and, among them, O. Reimer ^ 
has noticed that, whilst po^sh increases the yield of grain, 
the amount of proteins is in no way reduced. K. Aso^ obtained the 
same increase of grain with barley by using potassium chloride, 
finding, however, that potassium sulphate was more favourable 
to straw production; potassium silicate was, on the whole, the best 
form, and the new potassium manure martellin gave good results 
in this connexion. Sulphate of potash and kainite have been 
compared as potassium manures for potatoes at the Woburn 
Experimental Earm,^ the results of 1905 confirming those 

^ /. Amer. Ohem. Soc , 1906, 28, 823. 

OompL rend., 1905, 141 , 793, 1182. 

® CTitTih. Qentr., 1906, i, 154. 

Bulh Coll. Ayr. Tokyo, 1906, 7 , 67. 

J. Roy. Agric. Boc., 1906, 67 , 305. 
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previoiisi}’ recorded to the effect that sulphate of polasli 
is, on a light, sandy loam, a preferable form to kaiiiite, 
1 cwt. per acre of the former and 4 cwt. per acre of the 
latter being respectively used. This proved to be alike the case 
whether nitrate of soda or sulphate of ammonia %vas used as the 
nitrogenous manure. The relations of potassium and sodium sails 
in soils and as supplied in manures have occupied considerable 
attention, and especially in connexion with sugar-cane and sugar- 
beet cultivation. J. F. Breazeale ^ grew wheat plants in solutions 
containing all necessary elements except potassium and sodium, 
then removing the plants to solutions with full nutrient constituents 
and ascertaining the amounts of the constituents taken up. In this 
way it was found that potassium was taken up much more vigoroiibl y 
when sodium had been left out in the first period than when it was 
present all the time. Similarly, by taking beet plants which hand 
been first grown in soil to which potassium or sodium salts had been 
given as manures, and then removing them to solutions containing 
full nutrient matters, the plants to which no potassium had been 
given to the soil for some years took up potassium more vigorously 
than where sodium had been applied. J. Urban has studied the 
relation of potassium and sodium salts in the case of sugar-beet. 
When sodium nitrate alone was used on a sandy humus soil there 
was abnormal development of leaf, and though the total ash (leaf 
and root) was much the same as in normal beets, it contained a 
very high proportion of sodium salts, much exceeding' that of 
the potassium salts. So, although sodium may replace potassium in 
the plant’s composition, it is at the expense of proper root develop- 
ment and consequently of sugar-production. Urban attributes the 
abnormal composition to the great preponderance of nitrogen over 
potash, the ratio of K^O to N having been 1 : 3T, whereas he 
considers that the best ratio for sugar production is V: 1. 

Silica. 

A. D. Hall and C. G. Morrison ^ have examined again the part 
played by silica in the nutrition of plants, and, while confirming 
previous conclusions as to its not being a necessary constituent of 
plant food, have brought out interesting points as regards the 
functions which it exercises, and mainly in reference to the taking 
up of phosphoric acid. The observations have been made in respect 
of some of the permanent grass experiments in Rothamsted Park 
find the permanent barley plots in Hoos Field. On the grass land 

^ J. Amer. Ghem. Soc., 1906, 28, 1013. 

Zeit, Z%tcTcerind. Bohm, 1906, 30, S97. 

^ Froc. Roy. Soc,, 1906, 77, £, 455. 
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tlie use of sodium silicate along with mineral manures and ammo- 
nium salts gives, over 42 years, an annual increase of 10 per cent, in 
the crojD above that of a similarly manured plot without sodium 
silicate. An explanation of this is supplied by the barley plots, 
where sodium silicate has been employed with and without 
phosphates. Its use causes earlier formation of the grain and 
hastens the ripening of the crop. The omission of both silica and 
phosphoric acid results in a poor crop (27 to 28 bushels per acre), 
but if sodium silicate is applied without phosphoric acid the crop 
is increased to 34 to 36 bushels, and more phosphoric acid is found 
ill the ash of the grain, although there is less in the ash of the 
straw. Silica would thus appear to be able partly to replace 
phosphoric acid, the effect of it being that it imparts a stimulus 
which enables more phosphoric acid to be taken up by the plant 
j^'om the soil. Barley plants were examined at different stages of 
growth, and it was foiiud that, in general, only 9 per cent, of 
the silica reaches the grain in the early stages, and that, whereas 
ordinarily the dry matter reaches its maximum about July 18 — 25, 
if no silica or phosphoric acid is supplied the dry matter does 
not reach its maximum until August 8. A series of water-cultures 
further confirmed these results and showed that while silica cannot 
replace phosphoric acid it may stimulate the plant to take up 
more. And, lastly, by extracting the soil of the different plots with 
hydrochloric and citric acid respectively it was shown that the 
sodium silicate has no direct solvent action on the soil phosphates. 

The ^‘Earer^’ Constituents of Plants and Soilsr, 

(a) Manganese. 

N. Passerini ^ grew lupins (Lupinus albus) in a soil containing 
0'068 per cent, of manganese, and examined the different parts of 
the plant in regard to their contents of manganese. The leaves 
contained 8*26 per cent, of ash, and of this ash 12*43 per cent, 
consisted of manganese reckoned as Mn^Og ; the seed pods con- 
tained the next highest proportion, namely, 6 to 7 per cent, of the 
ash (total 3*5 per cent.), and then the stems and the seeds, the 
roots lastly having still less. In pot experiments, with and without 
addition of manganese carbonate, the soil containing only 0*0002 
per cent of manganese, the dry matter contained 0*0095 of man- 
ganese when none was added and 0*0636 per cent, when it was given 
as manure. T. Katayama ^ showed that manganese has a stimula- 
tive effect on oats, barley, rice, kc., although this is not so great 

1 Bol. Jst. Agrar. ScancUcci, 1905, [ii], 6, 3. 

BuU. Ooll, Agric, Tolryfo, 1906, 7, 91. 
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as on legtiminoiis plants. Using manganous sulphate on peas in 
quantity to supply 0‘OId per cent, manganous sulphate to the soil, 
the increase was 50 per cent, in the yield of straw and 25 per 
cent, in that of the seeds^, whereas with barley the total increase 
was only 10 per cent. Quantities much exceeding the above tended 
to decrease the yield, G. Salomone ^ confirms these results as to 
the beneficial influence of a certain quantity of manganese and the 
tonic action of large amounts, and points out that the manganic 
salts are more tonic than the manganous^ manganic acid especially 
being hurtful, M. Nagaoha ^ obtained coiifirniation of former 
experiments, getting with rice a gain of 15 per cent, when using 
manganese sulphate up to 100 kilos, per hectare. 

(b) Co-p'per, 

A. Stutzer ^ grew Trifolium pannonieum in pots with sand, garden 
soil, calcium carbonate, and mineral manures. He added to two of 
them finely-divided copper (1 gram and 10 grams) and to other two 
powdei'ed copper oxide in the same amounts, other pots receiving 
no copper. In onty one instance — when 10 grams of copper oxide 
were used — was any injury noticeable, but here the plants either 
failed or remained very small. Examination of the plants failed 
to detect copper in them, even in the roots. W. W. Skinner ^ ha& 
examined the effect on vegetation of irrigation water containing 
copper salts derived from the waste products of mining operations 
One part of copper in 800,000 has been found to he fatal to the 
growth of corn, and as little as one part in 700 millions will 
retard the growth of wheat seedlings. The author concludes that 1 
part of copper per million is enough to condemn a water for use for 
irrigation purposes. He has further tested the general belief that 
the presence of carbonates and bicarbonates, by rendering copper 
insoluble, will remove any danger of injury, and finds that it is 
not justified, inasmuch as a considerable amount of copper remains 
in solution, even if carbonates and bicarbonates are present in 
quantity. E. Breal ^ treated seeds with a solution prepared by 
boiling starch in 1 litre of 0*3 per cent, of copper sulphate solution, 
The seeds were soaked for twenty hours and then left to dry. Their 
weight was increased somewhat, their germination was improved, 
and, besides the freedom from smut ” and other diseases, the crop 
was somewhat increased. (See also under mercury.) 

^ Chem, Qentr,, 1906, ii, 582. 

^ Jjibll. Coll. Agric. Tokyo, 1906, 7, 77. 

® Landw, Versiichs-Siat., 1906, 65 , 285. 

J. Amer. Ohem. Soe,, 1906, 28, 861, 

Oompt. rend,, 1906, 142 , 904. 
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(c) Aluminium. 

H, Miclieels and P. de Heen ^ investigated the effect of aluminium 
salts on the germination of wheat, with the result that, whilst they 
find alumina or kaolin to he beneficial, the addition of soluble 
aluminium salts is proved to be injurious. On seedlings themselves 
it would seem, from the work of H, D. House and W. J. Gies,^ that 
the injurious effect is dependent entirely on the extent of the 
concentration. 

(d) Mercury and Silver. 

T. Bokorny ® finds that algae are killed by salts of copper, mercury, 
and silver if the concentration is 1 to 1 million. All other metals 
require to be in more concentrated solution than this to do any 
injury, 

(e) Iodine. 

S. IJchiyama,^ by using small amounts of potassium iodide, 
increased the yield of sesamum and spinach. With sesamum he 
obtained an increase of 16 per cent, by using 124 grp ms of 
potassium iodide per hectare. This was confirmed by a field 
experiment, and the matter has some interest owing to the common 
practice of using seaweed as manui^e where available. 

(f) Fluorine. 

Expeiuments of K. Aso^ with both soil and water culture seem 
to point to precipitated calcium fluoride as possessing some stimulat- 
ing action. This cannot, however, be due to hydrogen fluoride, 
inasmuch as this is not liberated by carbon dioxide and weak acids. 

Availability of Soil Constituents. 

J. Konig, J. Hasenbaumer, and C. Coppenrath,® in seeking for 
a method of determining the available constituents of soils, have 
obtained the best results by placing the soil in a linen bag inside 
a copper vessel and heating the whole with water for three hours 
under a pressure of four atmospheres. The solution is then 
filtered, evaporated down, and the different constituents 
estimated. 

^ Bull. Acad, roif, 1905, 520. 

Ptoc. Amer. Physiol. Soc., 1905, xix — xx. 

Ohem. Zeit., 1905, 29, 1201. 

^ Bull. Imp. Oentr. Agric. Exp, 8tn. Japau^ 1906, 1, S5. 

5 Bull. Coll, Agr, Tokyo, 1906, 7, 85. 

Landw. Persuehs- Stat. , 1906, 63, 471. 
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Oxidation in Soils, 

E. J. Russell^ lias continued his ^ork on the rate of oxidation 
in soils and the relation this bears to their productiveness. 
Oxidation is due mainly, hut not exclusively, to the action of 
microorganisms, as it still goes on when the soil has been sterilised 
by heating or by treatment with mercuric chloride or other re- 
agents. The rate of oxidation is, however, much reduced. More- 
over, it does not depend on the amount of organic matter present ; 
up to a point the presence of moisture helps; similarly, the pre- 
sence of calcium carbonate or of a carbohydrate aids the rate. 
With partial sterilisation the rate of oxidation also increases, and 
this would lead to the belief that, whilst the work of some organisms 
is checked, the activity of others may be favourably influenced by 
partial sterilisation. This only takes place, however, under 
aerobic conditions, as in arable soils, but not in pasture soils, 
where the conditions are anaerobic. 

C. Schulze ^ has investigated the effect of sterilisation of soils, and 
finds that whilst some substances injurious to plants are formed, the 
soil constituents generally ai*e made more available. The 
result as regards the plant will depend on the predominance of one 
or the other influence. 

It is clear from the foregoing and the observations of others, that 
there remains still a great deal of work to be done in ascertaining 
exactly wiiat changes take place in the bacterial and chemical con- 
ditions of different soils as well as in their physical relations, 
through the employment of processes of sterilisatio'n, partial or 
complete, and that the results obtained with sterilised soils have 
to he taken in conjunction with the various changes thereby pro- 
duced. 

Gtj'mination, 

P. Becquerel ^ has studied the action of cai'hon dioxide on seeds 
which have been decorticated or perforated. When the seeds are 
in their naturally dry condition they will not be injured, 
though kept in an atmosphere of carbon dioxide; but if they are 
previously immersed in water for a quarter of an hour they will 
be all killed by exposing them to an atmosphere of carbon dioxide. 
O. Kambersky,^ by placing seeds for forty-eight hours in contact 
with a nutritive solution containing ammonium nitrate, potassium 

Brit. Assoc. Meports (Section B), Yorki 1906. 

'■2 Landw. Vcrswlis-Stat.^ 1906, 65 , 1S7. 

Oompt. rend.f 1906 , 142 , 843 . 

Ohmn. Cenir., 1906, i, 570. 
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nitrate, cli-animoniuni hydrogen phosphate, and di-sodinm hydro- 
gen phosphate (Iszleib's solution), found that germination was re- 
tarded and a lower germination percentage obtained. A. Stutzer ^ 
has shown also that nitrates generally act injuriously on germinat- 
ing seeds; beet jolants are very sensitive to nitrates, but red clover 
resists their action. The behaviour of cyanamide towards germin- 
ating seeds has already been dealt with (page 261), but Bartsch ^ has 
shown that, w^hile the germination of mustard, oats, and barley is 
affected when the seeds are sown at the time of applying the cyan- 
amide, and will be still noticeable if a week intervenes, yet, if an 
interval of three weeks is allowed between the application of the 
cyanamide and the sowing of the seed no injurious action will 
follow. 

H. Micheels and P. de Pleen^ have further found that ozone 
has an injurious effect on seedlings, the roots in particular being 
attacked. 

Assimilation. 

F. L. Usher and J. H. Priestley^ show that, in presence of 
chlorophyll and under suitable conditions, aqueous carbon dioxide 
is decomposed into formaldehyde and hydrogen peroxide, formic 
acid being produced as an intermediate substance. This goes on in- 
dependently of any enzyme action, and depends solely on the proper 
physical and chemical conditions being present. It is possible to 
reconstruct this process outside the green plant. The formaldehyde 
and hydrogen peroxide rapidly undergo change, and are not found 
in the assimilating leaf under ordinary conditions. Working on 
the leaves of A cer N egundo, B. Schultze ° ascertained that the in- 
crease in weight of the leaves, under the influence of light, was not 
due only to the assimilation of starch, but also to that of proteins. 
But while carbon assimilation went on the production of proteins 
gradually diminished. 

Develo'pment. 

By growing green plants without carbon dioxide in an artificial 
soil containing amides, J. Lefevre ® showed that the dry matter of 
the. plants rapidly increases, the growth being quite normal. In 
absence of light the plants failed altogether, although amides were 
present. The results go to show that the carbon dioxide of the 
soil is not absorbed by the roots, or, at least, is not utilised by 
them. 

The oxidising power of living cells on the surface of roots was 

^ J. Landiu., 1906, 54, 125. Chcm. Gentr,, 1906, i, 585, 

Acad.roy. Belg., 1906, 364. Proc, Roy, Soe,, 1906, 78 , i?, 318. 

^ Pied. Centr,, 1906, 36 , 85. ® Gompt. rend.^ 1905, 141 664, 834, 1086. 
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shown by experiments of AI. Raciborski,^ who grew plants in solu- 
tions which do not affect the life of the roots' cells, but which, on 
oxidation^ yield products either themselves coloured or capable of 
colouring suitable reagents. This power is, however, a purely local 
one, and is confined to the absorbent surfaces of the roots, being 
strongest near the root hairs. 

The influence of light on the development of proteins in the 
wheat grain has been studied by J. Dumont.- The accumulation 
was greatest under the influence of browui light, then under green, 
blue, and red light successively. In the absence of light, A. 
Riesel^ found not only asparagine to increase, but also oilier 
amino-acids, especially leucine, and certain bases, such as arginine, 
not found in healthy plants. 

H. Schjerning,’^ in investigating the formation and changes in 
the protein substances of barley during growth, ripening, and stor- 
ing, concludes that barley has attained its full maturity when the 
soluble carbohydrates ar^e converted into insoluble ones and the 
soluble into insoluble proteins. H. T. Brown, F. Escombe, A. 
McMullen, and J. H. Millar® have observed the migration of 
nitrogen in barley from the endosperm to the embryo during ger- 
mination. It was noticed by them that if the embryo was removed 
and allowed to grow in water or in a carbohydrate medium the root 
exhibited a restricted development, and the embryo seemed to 
be suffering from nitrogenous starvation. This nitrogen it would, 
in the ordinary course, derive from the endosperm. The observa- 
tion was continued to barley undergoing the malting process, the 
nitrogen being determined at various intervals in the endosperm, 
embryo, rootlets, &c. It was found that after nine days^ germi- 
nation 35 per cent, of the nitrogen originally present in the 
endosperm had migrated to the embryo, and must in so doing 
have been converted from the insoluble protein form into soluble 
and diffusible compounds. 

The same authors continued their studies on the nitrogenous 
constituents of malt that are soluble in cold water, with a view 
to ascertaining how far the quality of barley depends on these. 
An examination of the sprouted culms led to the identification 
in them of asparagine, allantoin, betaine, and choline. The water- 
soluble uiicoagulable nitrogens of malt have now been divided 
by the authors into six classes of bodies, and their approximate 
percentages have been also worked out. They consist of the 

1 Bull, Acad, Sci. Cracow, 1905, 338. ^ GompL rend., 1905, 141 , 686. 

^ physiol, Chem., 1906, 49, 12. 

^ Tran, Lahomt. OarUherg, 1906, 6, 229. 

^ Trans, Quinness Mcsearch Lab,, 1906, 1 , part 2, 149, 169, 175, 238, 242, 2S4, 
338. 
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followiiig: — ammonia-nitrogen, 3‘5 per cent; malt-albiimose nitro- 
gen, 20 per cent. ; malt-peptone nitrogen, 31 per cent. ; amide 
and amino-nitrogen, 8‘5 cent. ; nitrogen dne to organic bases, 
4 per cent.; nninvestigated bodies, 33 per cent. Tbe conclusion 
is also arrived at that, from the chemical point of view, no distinc- 
tion can be drawn between animal and plant proteins. 

The action of light on the transformation of sugars in young 
plants has been studied by W. Lubimeiiko ^ in connexion with 
the embryos of Finns ‘pinea. When these were exposed to light 
of varying intensity in sterilised solutions of sucrose, dextrose, 
maltose, lactose, galactose, and arabinose, it was found that under 
the action of the light the absorption of sucrose, dextrose, and 
arabinose w^ent on, but with varying activity, diminishing as the 
intensity of the light increased. The light had no effect on the 
assimilation of maltose, lactose, l^vulose or galactose. 

According to G. A. Calabresi 2 pentosans would seem to be formed 
in young plants, but to decrease later on. In sugar-beet, when 
l^entosans are high in amount sucrose is low, and, generally, in 
plants the 2 :)entosans are higher when nutritive constituents are 
low. 

W. Palladia and S. Kostytschew ^ show that during the anaerobic 
respiration of seeds and seedlings a considerable amount of alcohol 
is formed. Both living and frozen seeds have been experimented 
with ; with frozen peas alcohol is formed whether oxygen be present 
or not, but with living peas the formation of alcohol only goes 
on in absence of oxygen. Acetone is also found to be formed 
during anaerobic respiration. 

W. D. Bigelow, H. C. Gore, and B. J. Howard ^ have investigated 
the changes which go on during ripening in certain plants con- 
taining a good deal of tannin. They find that the tannin disappears 
during the ripening, passing possibly into insoluble forms. Micro- 
scopical examination shows that at first the tannin is fairly uni- 
formly distributed through the, fruit, but that, as ripening proceeds, 
it becomes deposited in insoluble form in special cells. 


Micro-organisms. 

N. L. Sohngen^ was led, by the consideration that methane, 
although so abundantly produced, is yet found only in traces in 
the atmosphere, to search for organisms which were capable of 
feeding on the hydrocarbon. He found that if a culture-liquid 

^ Gompt rend., 1906, 143 , 516. ^ Gentr., 1906, ii, 964. 

^ Zeit. physiol. Glimn.^ 1906, 48 , 214. ^ J. Amer. Chem. Soc., 1906, 28 , 68S, 

^ ProG. K. Akcid. JVeicnsch. Amsterdam., 1905, 8, ^^27. 
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was impregnated witii garden boii, ^v.'\vage or the like, in an alieu- 
sphere of methane and oxygen at 33*^, a slimy, pink film formed 
on the surface, and that this consisted of short,, rod-like bacteria, 
which he named ]j<H-ilhfs mefhanicif^. Within a week the methane 
is nearly all absorbed, being thus utilised as a source of carbon. 
H. Kaserer,! working on the same subject, shows that the presence 
of hydrogen and methane hinders the production of nitrites from 
ammonium salts. If there is a plentiful aeration, both oxidation of 
hydrogen and nitrification may go on together, but, if aeration 
be imperfect, nitrification will only begin after all the hydrogen 
has been oxidised, V. Omeliansky - finds that methane is produced 
by fermentation from cellulose, gelatin, peptone, and many other 
substances, and thinks it probable that all soils that have organic 
matter will produce methane. Accordingly, it is not possible to 
say, from the mere fact of methane being produced, what the 
nature of the organic matter decomposed is. From the excrements 
of pigeons C. Ulpiani and M. Cingolani '' have isolated a micro- 
organism which decomposes guanine into carbamide, guanidine, and 
carbon dioxide. 

In the fermentation of sugar-cane juice C. A. Browne ^ has 
noticed that a frequent fei'mentation is that resulting in the for- 
mation of cellulose. This he has investigated and finds it to be 
aerobic, being due pi'obably to Bacterium xylinum. From cane 
juice the amount of cellulose thus formed may be 7 per cent, of 
the total sugar fermented. 

The effect of light on bacteria has been investigated by H. 
Thiele and K. Wolf.*"* While the bacteria were destroyed quickly 
by strong light, if the light was filtered through solutions of 
nitrate's or oxalic acid it had no effect on the bacteria; if passed 
through disodium phosphate and potassium thiocyanate solutions 
enough active light passed through to kill the bacteria. From 
this the active bactericidal region was fixed. Light filtered through 
a piece of blue rock-salt crystal (the ultra-violet rays alone passing 
through) rapidly destroyed the bacteria. 

W. Hoffmann ^ has observed the action of carbon dioxide at high 
pressure on the bacteria contained in river water and in milk. 
Under a pressure of 50 atmospheres the bacteria are killed entirely 
in twenty-four hours in the case of river 'water. But with, milk the 
bacteria are not entirely destroyed, even at a temperature of 50®, 
although the casein is coagulated and separates out. 

1 Oentr. BaU. P(tr., 1905, ii, 15, 573. 2 ^ ii, 15, 673. 

^ Aiti li. Aecad. Limei^ 1905,14, ii, 596. J. Aiaer. Chem. fSor,, 1906, 28, 453 . 

® Arch. Hygiene^ 1906, 57, 29. 

Sixth I%t. Congr. Appl. Ghem. , VJiem. Zeit.^ 1906, 30, 422. 
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Enzymes, 

J. Stoklasa ^ lias isolated several enzymes from beetroot. These 
he identified as oxydases, invertase and glycolytic enzymes. The 
latter set up alcoholic fermentation in dextrose solutions, alcohol 
and carbon dioxide, as well as small quantities of acetic and lactic 
acids being produced. Formic acid has also been found as a 
product, and the author hints that this may give rise to the 
hydrogen which is evolved together with carbon dioxide, and may 
play a part in the assimilation of carbon in the chlorophyll cells, 
in which process formaldehyde and water are formed. The glyco- 
lytic enzymes are given as (a) lactolase, (b) alcoholase, (c) acetolase 
{(1) formilase, these causing the production of lactic acid, alcohol, 
acetic acid, and formic acid respectively. 

C. A. Browne^ finds invertase in the green tops of sugar-cane, 
and notes that if the tops are removed when the cane is cut the 
diffusion of the enzyme into the stalk is prevented, and there 
is less loss of sucrose- The dai'kening which sugar-cane juice 
undergoes after expression is due to oxydases. 


Glucosides and Cyanoge^iesis. 

Several investigators have continued their inquiries into the 
presence in various plants of certain glucosides which, under the 
action of an enzyme, gives rise to the production of hydrocyanic 
acid. ISTumerous plants other than Phaseolus luhatus (with which 
Bunstan and Henry worked) have been found to contain glucosides 
of this character, and the yield of hydrocyanic acid has been quan- 
titatively recorded. W- H. Bunstan, T. A. Henry, and S. J. M. 
Auld ^ find phaseolunatin in small amount in flax seed, and an 
enzyme of the emulsin type similar to that in Phaseolus lunatus. 
They also find a glucoside and an enzyme similar to, if not identical 
with, those of Phaseolus lunatus, in the root of bitter cassava. L. 
Guignard ^ also establishes the presence of cyanogenetic glucosides in 
many of the Bosacese. He has further determined the amount of 
hydrocyanic acid obtained from the ground beans of Phaseolus 
lunatus, obtaining 0*052 to 0*102 per cent, with Java beans, but 
considerably less with Burmah, Madagascar, and Provence varieties. 
Further, he does not find, as others have done, that the white 
cultivated beans are quite free from hydrocyanic acid, and, in 

^ Sixth Int. dongr. Appl. Ohem., Chem Zeit,, 1906, 30, 422. 

“ J. Amer. Ghem, Soc,, 1906, 28, 453. 

^ Froc. Boy, Soc., 1906, 78, B, 145 and 152. 

^ GompL rend,, ir06, 143, 451, and 142, 546. 



AGRICaLTCJRiiL CHEMISTRY AXD VEGETABLE V. ‘2'<^ 

examining wliite beans that occur among Jara beans he ob^-a’r^'- 
just as mticli hydrocyanic acid from them as from coloured bear.^-:. 
He states that the poisonous properties are not removed on boiiingj 
as this onl}' destroys the enzy^me and not the glucosicle, H. R. 
Tatlock and R. T. Thomson^ obtained from Java beans from 0*027 
to 0*137 per cent, of hydrocyanic acid. They exa mined separately 
the variously coloured beans, but could arrive at no geiieralisalioii 
as to the relation of colour to yield of acid. Discussing the stale- 
ment that has been made that cyanogen is in the husk and not 
in the kernel, they state that this is not the ease, but that the 
kernel has ten times as much as the husk. They examined several 
different varieties of beans, but only found hydrocyanic acid to 
be produced fi'oin Java beans and Rangoon beans. On sleeping 
the beans in warm water and boiling them thoroughly, an original 
percentage of 0*009 of h 3 "drocyanic acid falls to 0*002 and the 
enzyme is destroj^ed; in cold water the cyaiiogenetic gliicoside is 
decomposed. 

Kohn-Abrest - disagrees with the conclusion of Dunstan and 
Henry that there is one c^ranogenetic gliicoside in Flitf.ieolus iiinafusj 
and considers that many are present. J. AV. Leather® examin- 
ing a sample of mrghum {Sorghum vulgar e) fodder which 
had proved harmful to cattle in India, found it to be immature 
and to contain 1*28 grains of hydrocyanic acid per lb. 'of green 
stuff. The largest cjuantity was found in the leaves. If left to 
mature the plant contained no hydroev^anic acid, but drying the 
immature fodder in the sun produced no change in quantity. The 
giucoside present was dliurrhi, as previously recognised by Dunstan 
and Henry. Leather confirms the presence of hydroc 3 ’'anic acid 
in Rangoon beans and immature linseed. 


Foods and Feeding. 

K. Farnsteiner, El. Lendrich, and P. Buttenberg^ examined lards 
obtained from pigs that had been fed on potatoes, maize meal, 
cotton-seed meal, &c., with the result that a portion of the oil 
derived from the foods was shown to be deposited in the bod 3 ’' 
fat of the animal. This was especially marked in the case of maize 
meal. The decomposition of foods in the absence of air has been 
investigated by J. Konig, A. Spieckermann, and H. Kuttenkeuler,^ 
who find it to be practically the same in nature as when oxygen 
is present, although the products are different in quantity. The 
greatest loss is in the non-nitrogenous extract, although when air 

^ Analyst, 1906, 31, 249, - OQ7iipt, rend., 1906, 143, 182. 

® Agric. J. of India, 1906, 1, 220, ^ Zeit. Fahr. Gemmm., 1906, 11, 1. 

s JMd., 1906, 11, 177. 
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is absent tliere is comparatively little loss of dry mailer. The loss 
of nitrogen is very small, the proteins decomposing only slightly. 
The foods, in absence of air, tend to become strongly acid, but do 
not alter their appearance. 

E. Schul;ze,^ taking potatoes, as containing* a relatively large 
amount of asparagine, shows that this is converted, when consumed 
by animals, into amino-acids and then into succinic or malic acids, 
which have no value for fat production in the case of carnivorous 
animals, O. Kellner, ^ however, from experiments with sheep, con- 
cludes that asparagine may indirectly economise proteins in the 
case of ruminants. Lactic acid he finds to be simply oxidised and 
to produce heat only. 

J. Kbnig^ has attempted to separate the various constituents 
making up the so-called crude fibre '' in foods, and gives methods 
of ascertaining the cellulose, lignin, and cutin. Lignin is separated 
by digestion in the cold with hydrogen peroxide in presence of 
aqueous ammonia, it being converted by this treatment into soluble 
products. Cellulose is next separated from cutin by treatment with 
copper-ammonium hydroxide, it being thereby dissolved, leaving 
the cutin undissolved. As the plant gets older the lignin increases 
more than the cellulose, and, broadly speaking, the higher the 
percentage of lignin and cutin the lower is the digestibility of 
the crude fibre. 

X Hendrick,^ following up the work of T. B. Wood, R. A. Berry, 
and S. H. Collins (see Annual B export, 1905, 264) has obtained 
similar results for yellow swedes and turnips grown in the N.E. 
of "Scotland. He finds marked variations according as the roots 
are grown in different parts of the country, and emphasises (as 
did the authors named) the necessity of taking a large number 
of rootp, (100 suggested) in order to get satisfactory results. He 
has made the attempt to arrive at the value of the roots by 
comparing the ratio of the soluble to the insoluble matter in the 
solid matter of the roots. 

Crops, 

(a) Strength m Wheat, 

This subject has been further attacked both from the chemical 
and the biological side. A, B. Hall® has examined critically the 
different constituents of the grain, with the view of finding out 
to which of them the quality of ** strength ipay be due* But 
he does not find any consistent correspondence between the pre- 

1 J, Landw., 1906, 54 , 65. ® Bied, Omtr,, 1906, 85 , 46, 

® Zeit JUfahr, 190 €^ 12 , § 85 , 

^ Tram, Sigh and Agric, Soc. of BooUand^ 1906. 

® Mep, Home-grown Whmt OowmiUee {Millers' OnzeUe)^ 1906. 
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dominance of any of these and the possession of strength,'"’ and 
is unable to go beyond the general statement that nitrogen may, 
as a rule, be taken as a test of '^strength,” whilst the carbohydrate 
matters do not contribute to it. Hall finds that different stages 
of ripeness do' not determine “ strength,” inasmuch as a crop cut 
dead ripe may be just as strong ” as one cut green. ISTor does it 
follow that a highly nitrogenous gi'ain is of necessity a ‘‘strong” 
one; some were, indeed, the weakest of all from a baker’s point of 
view. But* it was observed that these, if kept, became changed; 
their physical strxicture seemed to be altered, and they were then 
increased in “ strength.” Hall remarks on the observed “ acidity ” 
of hour, and finds that this is due to the presence of a little 
potassium phosphate. 

Meanwhile the subject has been investigated further from the 
biological side by R. H. Biffen ^ and with more hopeful prospects. 
Biffen eliminates climatic conditions as having little or no bearing 
on the question, and attributes the whole to the matter of 
“ selection,” and looks to the producing of “ hybrids ” to obtain 
the desired quality of “ strength ” combined with good yield. 

(b) Quality in Barley. 

The results obtained at the Woburn Experimental Farm for the 
years 1898 — 1904 on the influence of manures as affecting the 
yield and quality of barley have been collected and summarised,® 
and, in general, confirm the results obtained at the B-othamsted 
Experimental Station. The main points as regards quality are 
that this was improved by mineral manuring (superphosphate with 
sulphates of potash, soda, and magnesia), that farmyard manure 
gave vqry .variable i^esults, and that the best ones were obtained 
with mineral manures in combination with ammonium salts or 
nitrate of soda used in moderate quantities. Nitrate of soda by 
itself or used in excess gave a low “ weight per bushel ” and much 
“ tail ” corn. 

Industries. 

(a) S^gar. 

A considerable impulse has vbeen given of late to the growing 
of sugar, more particularly of cane-sugar, and with this has come 
an extension of inquiry into points connected with the cultivation 
•of the crop and the. securing of the produce. 

H. W. Wiley® summarises his observations on the influence of 
environment on sugar production in the beet. Temperature he 
^ J*. Agric. Sci., 1907, 2, 1. ® X Fed. Jnst. Breioing, 1906, 12, 408. 

3 U.S.A. Dept. Agric. Bull., 1905, 96. 
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finds to be of the greatest importance; there is little relation 
between sunshine and sugar yield, but longer daylight means moie 
sugar; rainfall only incidentally affects the output, biit a small 
yield of crop means an increased sugar percentage; lastly, tne 
juice becomes purer as the percentage of sugar rises. 

H. and L. Pellet i find that sucrose is not uniformly distnbutott 
through the beetroot; some cells contain only water and salts, 
and the water is that termed by Scheibler “colloidal water. 
Hence the difficulty in obtaining representative samples. ' Coniplete 
diffusion of the juices only takes place when the pulp is hney 
around and digested with cold water or hot alcohol. _ _ 

K. Andrlik and J. iXJrban® have examined the “objectionable 
nitrogenous constituents in beet-root juice, and find that these 
are not amide or ammonium compounds. About 70 per cent, ot 
the whole of the injurious matters originally present in the root 
are found in the juice. This quantity is increased by storage of 
the roots, probably owing to a breaking-down of tho proteins. 

Experiments in sugar-beet growing in the eastern ot 

England 3 have given in 1906 an average yield per acre of fourteen 
tons of roots, containing 16 per cent, of sugar, with a coefficient of 
purity 87. This yield, however, is not sufficient, in tho cir- 
cumstances of this country, to "pay” for the manufacture o 
sugar. W. D. Horne has inquired into tho deterioration which 
sugar-cane undergoes ■wHen the canes have been cut. On ^ 
six successive days he cut off pieces from canes, and noticed that 
the deterioration was gimter with the top part of the cano than 
the bottom, but there was also a deterioration duo to keeping. 
Thus, starting with 16-97 per cent, of sucrose on tho first day, by 
the time tho fifth day was reached the sucrose had fallen to irSb 
per cent.; in the first day there was a deterioration of O'Sj per 
cent., in the next two of 1-75 per cent., and in the next two of 
nearly 4 per cent. P. Watts and H. A. Tempany« observed the 
changes which sugar-cane juice undergoes when allowed to ferment 
spontaneously; the 'juice becomes acid and of a yellow colour, 
a dark scum rising to the surface; alcoholic fermentation sets in, 
carbon dioxide is given off, and quite 8 per cent, of alcohol is 
formed. Then acidification of the alcohol ensues, cane sugar 
being obtained. The acidification of the juice was found to he pro- 
duced by oxidation of the sugar by bacterial agency; this could be 
prevented by the addition of 2 per cent, of phenol to the juice. , 
‘ 1 Hull, Msoc. CUm, Huct, HwL, 1S06, 24, tll5. 

‘*5 Zeit, Zuckerind. Mhnb.j 1906, SO, 282, 
s Hep, M, Suffolk Ohamhr qf AgnmUm% 190", 

^ J. Boe, Chm, 1906, 25 , 161. 
ft IFcd hid, Hull., m. 
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C. A. Browne,^ jun., attributes the gradual inversion of the 
sucrose after the cane has been cut to the invertase which exists 
in the green tops of the cane. He has investigated the different 
fermentations, aerobic and anaerobic, which take place in the 
juice. Among the former are those due to Bacterium mylimum and 
to citromyces, and among the latter that produced by Leuconostoc, 
a viscous fermentation. 

H. Pellet 2 refers to the suggestion of adding invert-sugar to 
molasses to aid crystallisation of the latter, since sucrose is less 
soluble in invert-sugar solution than in water, but he shows that 
this is not an advantage, inasmuch as the invert-sugar brings about 
the retention of more water, and this more than neutralises the 
benefit that might accrue. 

(b) Tea. 

H. II.* Mann‘S in a paper entitled The Permentation of Tea ” 
(part I.) gives a valuable contribution to our scientific knowledge 
of the manufacture of tea. Indeed, it may be taken, in conjunc- 
tion with his earlier paper, The Ferment of the Tea Leaf (see 
Annual Report) 1904, 215) as supplying the first clear exposition of 
the scientific side of the subject. Moreover, it affords a most useful 
example of how the study of the underlying chemical principles 
can be made to contribute to the practical 'well-being of an impor- 
tant industry. Mann had shown in his earlier paper that the^ 
fermentation is due to an enzyme of the nature of an oxydase, 
and that the quantity in which it is present is an indication 
of the quality of the tea. He now goes on to consider the various 
constituents of the leaf, to observe the changes in them during the 
different processes of withering, rolling, &:c., and to see in what way 
those affect the value of tea as a finished product. Living organ- 
isms, it is shown, do not take part in the fermentation, and their 
exclusion as far as possible from the fermenting room should be 
secured. The. constituents studied in detail are (1) essential oil, 
(2) caffeine (or tlieine), (3) tannin. The quantity of essential oil 
present is very small; it is driven off at a high temperature, and 
changes into a resin on exposure to air; it seem# to be one of the 
chief factors in determining flavour in tea. Caffeine exists to the 
extent of 3 to 5 per cent. Its presence has no bearing on tho 
market value of tea, although it may have on its medical value. 
MAnn next deals very fully with the matter of tannin, and shows 
that, contrary to general opinion, this is not an objectionable 
feature, but that there is a close connexion between tho quantity 
1 J. Amer. Ohom. Soc., 1900 , 28 , 458 , 

Bull Absoc. Ohim. Bttcr, 1900 , 24 *, 669 , 

® Indian Tm Amoc., 1906 , 1 and 2. 
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of tannin that can be removed in a five minutes’ extraction with 
boiling water and the value of tea in the market. Tannin, as it 
occurs in the leaf, seems to be combined with sugar, and the 
tannin undergoes oxidation during fermentation of the leaf, through 
the presence of the oxidising enzyme. The oxidised tannin will 
then combine with the caffeine and other materials to form fresh 
substances which are mostly insoluble in water. During the process 
of rolling, the soluble matter in the leaf is reduced, and so is 
the amount of soluble tannin. Mann has further noticed the 
influence of light on the fermentation of tea, and finds that, whilst 
fermentation proceeds rather less rapidly with a bine light, there 
is no change in the percentage of tannin, but only in that of total 
soluble matter. What is of importance, however, is thickness of 
spreading, and this should not exceed IJ inches in dei>th. Experi- 
ments in green-manuring for tea established the usefulness of 
leguminous plants, especially saa (^Alhiczla stq^idata). 

(c) Tobaevo. 

J. Toth ^ lias set out a new method of determining the organic 
acids in tobacco. Expressing these in terms of oxalic acid, he finds 
the quantity to range from 3*6 to 8*7 jicr cent., and, after trials 
with 32 diffci-ont samples, concluded that bad-burning' tobacco was 
that which contained the most organic acids, and rice versd, 

(d) Ci'ilcJlOlKf. 

D. Howard^ shows that by careful selection and cultivation the 
amount of quinine alkaloid in cinchona bark has been I’aiscd in 
Java from 4 per cent, to 10 i)cr cent. 

(e) Cassava. 

IT. 31, Cousins^ has estimated tho amounts of starch obtaiucti 
at different periods of growth from 23 varieties of cassava, grown 
in Jamaica. lie gives the produce of starch per one tenth acre 
as follows: — AV2 months, tonsj at 15 months, 51 tons; at 
21 months, 7J ions* 


(f) 

J. Hendrick^ has examined the composition of eggs preserved 
by the use of '' water-glass he finds that there is a slow 
deposition of silica ♦in ilio shell, but that there is no change iu 
the composition of tho inic'rior portion, 

3 Cfhrm. Zeit., 1900, 80, fU. - J, >SV. Vhath ImL, lilOO, 25, 97, 

^ Jmnaica. GazrUe, Nov. ‘i*Jiul, 1900 , yJiO. ^ J. Aijfuc. 1907, 2, 100. 
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(g) Mtlh 

H. D. Richmond ^ gLl^is annual statement of the composition 
of milkj as ^^htained from good dairy farms supplying milk daily 
to London, during 1905. The figures are taken from an average 
of nearly 15,000 samples, and are as follows : —Fat, 3*73 per cent; 
solids-not-fat, 8*97 per cent.; total solids, 12*70 per cent.; sp. 
gi\, 1*0323. The average percentage of fat of the morning milk 
alone was 3*54; of the evening milk, 3*91. These figures differ 
but very slightly from those of 1904. 

A. Morgen, C. Beger, and Gr. Fingerling^ have investigated, over a 
period of six years, the effect of adding fat, protean matter, carbo- 
hydrates, &c., to foods deficient in these several constituents. By 
adding fat they found the yield of milk and the amount of fat 
in it to be both increased, but by adding protein matter only the 
yield was affected favourably, but not the fat. The yield of milk 
was, however, increased more by adding a protein than by the 
addition of fat. The addition of carbohydrates also had no effect 
on the production of milk-fat. The authors conclude that fat alone 
has a specific action on the production of milk-fat. Further experi- 
ments with emulsified fats showed these to possess no advantage. 

Von .Soxhlet^ has observed the coagulation taking place in the 
case of milk that is faintly acid. At first a coagulum is formed 
on boiling, and this takes place when only one-eighth of the acid 
necessary to produce coagulation at the ordinary temperature is 
present. The coagulation is due to the formation of an insoluble 
compound of caseinogen,and calcium salts. 

F. Bordas,^ by exposing milk to an atmosphere containing for- 
maldehyde, has found that air containing as little formaldehyde as 1 
part in 100,000 will give the reaction for formaldehyde, although 
the milk may have been exposed for only a few minutes. 

J. Augustus Voelcker. 

^ Amlyb%190Qi 31, 176. ^ Landu\ 1906 , 64, 249 . 

^ €hen. Centv.f 1906, i, 679. ^ Compt re%d,f 1900, 142, 1201. 



MUSTERA-LOGlCiVL CHEMISTRY. 


It is impossible to begin a report on the progress of Mineralogical 
Chemistry during the past year without making brief reference to the* 
great loss this branch of science has sustained in the xxn timely death 
of S. L. Penfield. Equally happy as a theorist and as an experimenter, 
he has left in his work an enduring monument behind him. A sympa- 
thetic biographical notice, accompanied by a bibliography, has been 
contributed by L. V. Pirrson ^ to the pages of the AmeriG(m Journal of 
Science* In the person of H. A. -Ward, America has also lost a 
veteran who, by his untiring energy as a collector, did good service in 
advancing our knowledge of meteorites. By the death of W. Meyer- 
hoffer at the early age of forty-two, van’t Hoff has been deprived of 
a fellow-worker and our science of one who did much to introduce to 
mineralogists and petrologists those ideas and methods of physical 
chemistry, the application of which promises such rich results in the 
future. It is, in fact, along these lines that the most important work 
has been done during the past year, and it is therefore fitting that this 
branch of the subject should occujxy the first place in our survey. 


General and Physical Ghemistry of Minm*als* 

Salt I)Bp08its*^J . H. van^t Hoff ® and his pupils have carried on 
their investigations with unabated energy. Number xlvi of the ** Re- 
searches on the Formation of Oceanic Balt Heposits appeared early 
in the year, and was devoted to a discussion of the conditions of 
occurrence at 83^ of anhydrite, OaSO^, syngenite, 0aK2(S04)2»Ht^j 
glauberite, 0aNa2(S04)2, and penta-salt, Ca5K2(S04)^pHg0; the forma- 
tion of calcium chloride and tachhydrite,0a01g*2Mg0l2,12Hg0, were also 
considered. In number xlvii the examination of the naturally occur- 
ring calcium compounds was brought to a conclusion by a study of the 
relations at 8S® of the triple sulphates, poly halite, 0aQKnMg{S04)4,2Hg0, 
andkrugite.Ck.K,Mg(S0,)„2H,0. > ^ * 

Work on the borates was, begun last year, and the relations of 

■ 'j'., 

^ Amer, J. Sed,, X906, [iv], 22, 353. ’ 

^ Sikungsher. K. AJead, Wise, Berlin^ 1906, 218, 412, 566,. 663, 68^9>*^ * 
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tincal and octahedral borax ekicidated. The more difficult and 
complex problem presented by the double borates of calcium and 
magnesium with a univalent ion has now been attacked, and the 
range of existence and the dissociation of NaCaB50Q,8H20 boron- 
atrocalcite fully determined. 

Tt has been shown in number xlviii that this substance splits into 
the individual borates at about 85°, and that it probably was not 
formed in nature at a temperature higher than 70°. Incidentally 
pandermite, CagB^QOggjlSH^O, was prepared artificially for the first 
time, together with a new substance, tricalcium borate, CagBi^O^gjOHCgO, 
not as yet observed as a mineral. The mutual transformations of the 
hydrates of calcium monoborate, CaB^O^, are the subject of a separate 
paper ; and number xlix of the series is concerned with the conditions 
for the artificial preparation of colemanite, (CaO)2( 3303)3, SHgO, which 
it is shown can bo formed from the corresponding heptahydrate and 
sodium chloride at 83°, or from boronatrocalcite in the same medium 
at 70°. 

Mutual Relation of 'Fused Silicates , — The past year has witnessed 
great activity in this line of research, and the entry of American 
workers into, the field has resulted in a notable increase of oiir 
knowledge of the calcium and magnesium silicates. In the first place, 
E. T. Allen and W. V. White ^ have succeeded in preparing artificial 
wollastonite having properties identical with those of the natural 
mineral, and have also made a careful examination of the hexagonal 
calcium metasilicate, termed by them pseudo-wollastonite, and of 
the relations between these two substances. They find that wollas- 
tonite can be readily obtained from the glass made by melting, 
together, at a temperature of over 1500°, molecular proportions of 
quartz and calcium carbonate in a platinum crucible, which is then 
X’apidly chilled by placing it in water. On heating this glass to about 
800° to 1000° it crystallises directly and rapidly into wollastonite, 
identified by its optical characters. The specific gravity is 2*915. 
When heated to about 1180° wollastonite changes into pseudo- 
wollastonite. This change is- an* enantiotropic one, and under proper 
conditions reversible. The point of transformation was determined by 
heating wollastonite in contact with the other form for definite periods 
at various temperatures, and also by observing "the rate of rise of 
temperature as heat was supplied to the mass, a slight absorption of 
heat being noticed at the transition point. The volume change 
accompanying the transformation is so slight that it is doubtful which 
is the denser, forms The reverse transformation is not so easily 
effected, and does not take place when the two forms are merely 
heated in contact at temperatures between 900° and 1100°, even if the 
' Arner, J, ScL, 1900, [k], 21, 89. 
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heating be continued for many hours. It can, -however, bo brought 
about by the aid of a solvent. Calcium vanadate proved suitable, and 
it was found that the change into wollastonite was complete if 
5 grams of the silicate were heated with 1 gram of the vanadate for 
some days at a temperature of 800” to 900”. Beautiful transparent 
crystals were produced in this ’way. Analysis proved them to be 
nearly pure CaSiOg, and the mean specific gravity 2*913, crystallo- 
graphic charactei’vS ^ “ and optical propei'ties, agreed with those of 
wollastonite. This inversion also takes place readily in mixtures 
containing excess of lime or silica, as shown by Bay and Shepherd. 
Pseudo-wollastoiiite is usually considered to be hexagonal, but E. 
Wright, who has made a careful optical study of Allen and White’s 
preparations, thinks that it is more probably pseudo-hexagonal, its real 
symmetry being that of the monoclinie system. The melting point is 
1512”, and on cooling the liquid almost invariably crystallises above 
1200° as pseudo-wollastonite. The fact that tho transformation takes 
place at 1180° has an important geological bearing, for it fixesan xipper 
limit of temperature above which wollastonite cannot possibly have 
been formed, and neither pseudo-wollastonite .nor parainorphs of 
wollastonite after pseudo-wollastonite have been met with in nature. 

The work on wollastonite has been extended by A. L. Day and E. H. 
Shepherd^, to embrace tho whole series of combinations of lime and 
silica. They began by studying tho properties of the two oxides. 
The melting point of lime is too high for any satisfactory measure- 
ments to be made. It can, however, be fused in the electric furnace, 
and on cooling crystallises with well-marked (uibic structure. The 
mean specific gravity is 3*316 at 25”. Silica, either in the form of 
quartz, glass, or precipitated silica, when lieattfd for a .sufficient lengtli 
of time at temperatures above 1000°, changes into tridymito. The 
change proceeds most rapidly in the case of the precipitated silica, a 
fine state of division being favourable to tho tr'an.sformation. In order 
to determine the transformation temperature as accuxiitely as possible, 
quartz-glass was heated with vanadic acid, sodium tungstate, or a 
mixture of 80 po'r cent, potassiiim chloride with 20 per cent, lithium 
chloride. Below 760° quai'tz crystals were obtfdnod. At 800” and 
higher tridymite was the only product. Inversion occurs therefore at 
about 800”, and the melting point of silica is really the melting point 
of tridymite, although by very rapid heating quartz can sometimes bo 
melted without first changing into tridymite. Owing to the viscosity 
of the substance, it is exceedingly difiicult to fix this point, but it seems 
probable that pure silica begins to melt at about 1600”. 

To obtain a general idea of the behaviour of mixtures of lime 
and silica, small portions of finely-ground mixtures of known com- 

i Two crystals were moasiircd. Aimr, J, 1906, [iv], 22, 266. 
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position were placed in a row on platinum or iridium strip. The 
strip was gradually heated electrically and the order of melting noted. 
In this way two compounds and three eutectics were discovered. 
Mixtures containing more than 75 j)er cent, or less than 32 per cent, 
of lime could not be investigated, owing to the refractory nature of the 
oxides. The compounds formed are the metasilicate and the ortho- 
silicate of calcium j the analogue, 4Ca0,3Si02, of akermanite, and the 
tricalcic silicate, SCaOjSiOg, could not be detected, although special 
efforts were made to prepare them. 

The properties of the mebasilicate have been already described. The 
orthosilicate, 2 Ca 0 ,Si 03 , melts at about 2080°, and exists in three 
polymorphic forms which stand in enantiotropic i elation to one 
another. The a-form, which crystallises in the monoclinic system, is 
the only modification stable in contact with the fusion. Its specific 
gravity is about 3 ’27. Below 1410° the a-form changes into the 
^-form. This unstable modification is orthorhombic, and has about 
the same density as the a-£orm ; it turns into the monoclinic y-v^iuety 
at about 675° with great increase of volume, the specific gravity of 
the latter being 2 ’974. The disintegi'ation which takes place when 
the orthosilicate is cooled is thus explained. The orbhosilicat.e is 
readily attacked by water, and thivS is probably the reason why it is 
not found as a mineral. The three eutectics are : tiddymito and 
pseudo-wollawstonite at 37 per cent, of lime, melting at 1417° ; 
p.seudo-wollastonite and a-orbhosilicate at 54 por cent, of lime, 
melting at 1430°; a-orbhosilicato and lime at G7v per cent, of lime, 
melting at 2015°. 

The preliminary investigation having demonstrated the existence of 
two compounds and three eutectics, the melting points of lOO gram 
charges were determined by means of a thermo-junction, or for higher 
temperatures by the Holborn-ICurlbauin pyrometer. The results, 
which were plotted, fully confirmed the preliminary observations. It 
was found incidentally that pseudo-wollastonite appears to be capable 
of taking up small quantities of silica and of orthosilicate in solid 
solution. 

The very important I'esttUs obtained in the course of the investiga- 
tion of the felspars and of the calcium silicates naturally led tho 
workers in tho geophysical laboratoi'y at Washington to turn their 
attention to the compoxxnds of magnesia 'and silica, and thanks to 
the labours of K. T. Allen, E. Wright, and J. K. Clement, xye 
now possess a very complete knowledge of tho*'nietasilicato^ MgSiO.j.* 
This substance can exist in fotu* distinct cryst al forms. 

I. The first crystallises in tho i;tionoeHnic system, and is the product 
usually obtained from fusions. It was first prepared by Ebelmen, and 
J Amer, J. AVeL,il00t>, [iv], 22, 385. 
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is found in nature in certain meteorites. It can b© made (1) by 
melting together magnesia and silica in the proper proportions and 
allowing the liquid to crystallise ; (2) by allowing the glass 

obtained by rapidly cooling the fusion to crystallise at 1300°; (3) by 
heating any of the other forms to temperatures from 1150° upwards; 

(4) by fusing amorphous silica with magnesium tellurite or chloride ; 

(5) by recrystallising magnesium silicate from a flux of magnesium 

chloride or vanadate, calcium vanadate ox» tellurium dioxide. The 
first method is most suited for preparing the substance in quantity ; 
the last yields the best crystals, the most satisfactory results beijtig 
obtained when the silicate is fused with magnesium chloride in a 
current of dry hydrogen chloride. The crystals resemble in some 
respects those of a monoclinic pyroxene, having the characteristic 
cleavage angle 92°, but the ratio 5 = 0*77 is very different from that 

of diopside h :c = 0'5894. They are characterised by the low extinction 
angle on h (010), <j:c— 21*8° and by polysynthetic twinning parallel 
to a (100). The specific gravity is 3T92 at 25°. The monoclinic pyroxene 
met with in the Bishopville meteorite has the same properties, 

II. The second form is orthorhombic and identical with enstatite. 
It is best prepared by heating the glass to between 1000° and 1100°; 
if the latter temperature is exceeded the first variety appears as well, 
often in parallel intergrowths. Obtained in this way, the substance 
forms fibrous aggregates of specific gravity 3d 75. The angle between 
the optic axes is smaller than that of natural enstatite, a fact as yet 
unexplained. On heating to temperatures above 1260° this form 
passes slowly into the monoclinic variety. 

III. The third form is a monoclinic amphibole, and is the least 
clearly defined of the four. Its identification as a separate variety 
rests on its extinction angle, maximum value 11°, and on its mean 
refractive index, which is much lower than that of T. It is sometimes 
met with in fusions which have been rapidly cooled, and appears also 
to be produced by the action of water at 375—475° on the next 
variety. 

IV. This form is orthorhombic, and is identified by the authors 
with a naturally occurring amphibole to which f-omo writers have 
given the name of kupfferite. To prepare tliis variety the mixture 
should be heated well above the melting point and then coole<l as 
quickly as is possible without forming glass. Measurable crystals 
have not been obtained, and. tfie identification with kupfferite rests 
on the optical properties and the indication of cleavage at 120° 
The mean specific gravity is 2'857 at 25°. This variety changes int(» 
I on heating. These four modifications stand in monotropic relation 
to one another, the order of increasing stability being orfchorhomMc 
amphibole, monoclinic amphibole, enstatite, monoclinic pyroxene, 
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That this is so is shown by the fact that enstatite and the aiiiphiboles 
when heated pass over into the monoclinic pyro5:eiiG, which cannot be 
changed back without passing through tlie amorphous state. Further, 
it is found that although the first three forms can all be dissolved in 
suitable fluxes at comparatively low temperatures, yet they crystallise 
out as monoclinic.,.j^^oxene. Lastly, it has been shown by an 
ingenious applicakiiy^^f Frankenheim^s method that the first three 
forms chalTtge into the monoclinic variety with evolution of heat. The 
existence of a monotropic relation between the two great groups of 
amphiboles and pyroxenes is in accord with the work of other experi- 
menters, and the foriiiation of amphiboles in nature instead of 
pyroxenes may perhaps have been duo to the viscosity of th(3 magma 
from whicL they crystallised, while tlxe presence in the Bishopvillo 
meteorite of intergrowths of pyroxene and enstatite suggests that it 
was repidly cooled from a high temperature. 

Certain meta- and ortho-silicates have also been studied from a some- 
what different point of view by Y. Fbschl,^ who has prepared mixed 
crystals by melting the constituents togolher. Thus ho (inds that 
artificial diopside and hedenbergite from hllba mix in all pioportions. 
The melting point curve corresponds to Uoozoboom’s typo I, ])ut is not 
quite regular and the specific gravities of tho mixtures do not in all 
cases lie between those of the components, Kxperiinents with enstatite 
and diopside indicate that these substances form an isodimorphons series, 
with a gap extending from 40OaMgSi./),5, 60M'g.,Si.,(),5, to 50CalMgHi.jO,p 
Th<3 Case is similar to that of tho mixed stilphates of 
iron and magnesium, and the specific gravities are lowcjr for the rhombic 
than for the monoclinic form. The melting point curve is of type V. 
Artificial mixtures of the isomorphous orthosilicatoa, and 

FeyBiO^, do not give a continuous series, the gap extmiding from 
65Mg.Si04,35Fo.^Bi04 to The medting point 

curve is of type I, but is not a straight line. Artificial mixfcuroH of 
Mg. 2 Bi 04 and <Ja 5 jBi 04 give results indicating that these substiimoes are 
isodimorphouB. 

The conditions under which quart* and tridymite cryetallise from 
silicate fusions have also been studied by P. I>. Queuself^ who has arrived 
at conclusions in the main much the same as those reached by Day and 
Bheipherd. He found that when a mixture of 74 parts of oligoclase and 
26 parts of amorphous silica was fusetl with small <jimntitieHof tungstic 
oxide, or in the presence of water supplietl by driving a current of super- 
heated steam through the fusion, small quart* crystals were formed. 
The effect of adding tungstic oxide was to lower tho molting point aitti 

* OmUr, Min., IgOOf f»7L 

® Oridr. 1900, 61*7, 7tB; k»‘»' jiIho a papwt* by €7mi, Mimj,, 

lOOOj 3, 118. 



300 ANNUAL REPOUTS ON THE PKOORESS OF OHEMTSTHY. 


viscosity, and to inctmse the size and rapidity of formation of the 
crystals. On fusing silica with excess of sodium tungstate, tridyinite 
was obtained, a fact previously noticed ])y dlautofenille. zis there 
seemed reason to think tliat the amount of “ mineraliser present (in 
this case tungstic oxide or sodium tungstate) liad an important intiuencc 
on the result, fresh exporimeuts were undertaken in which the oligo- 
clase-silica mixture or pure silica wero fused witli from one to five paits 
of sodium tungstate. It was found, however, that quartz wj\k always 
obtained from the oligoclase-silica mixture at temperatures below -1000", 
while if silica alone was used, tridymiLe or glass were formed, according 
as the temperature was kept above or below 1000", tho amount of 
sodium tungstate present being unimportant. Quensel therefore con- 
cludes that the factors which detormine the pi‘oducts are, the presence 
of co-solutes, tho concentration, and the existence of chemical ecpiili- 
brium, and explains the formation of quartz as due to tho iniiueneo of* 
tho constituents of oligoclase on tlie equilibrium between the alkalis 
and silicic acid. In the case of tridyinite a sodium silicate or possibly 
a silicotungstate is perhaps first formed, and this being unstable at high 
temperatures the silica separate.s directly as tridymite. The rare occur- 
rence of tridymite in eruptive rocks, in spile of the fact that the tem- 
perature conditions would favour its formation, he o.xplains as due to 
the special conditions required to produce this form, tho pi'OseiH ‘0 of 
other substances interfering with its crystallisation . 

Quensel finds that the melting point of tridymite is about 1500", and 
concludes from his own work and from that of his predecessors that 
above 900° it is the stable form of silica. It can, however, exist at tem- 
peratures as low as 300“ to 400°. Quartz, on tho other hand, can exist \ip 
to 1000°, but is unstable above 900°. Below 300° the hydroxides are 
perhaps to be considered the stable form, though quartz can o.xist as well. 

While the Americans have been breaking fresh ground in the study 
of pure silicates, 0. Doelter has been very active in tho field he has 
made especially his own. IMany pages of the numerous and lengthy 
papers for which ho and his (uipils arc responsible are oecnpied by 
adverse criticism of the views held by Vhigt and, of the results obtained 
by Day and Allen, but a certain amount of fresh work along ilm Hlos 
already familiar has been accomplished. Thus Boelier^ himself ha.s 
redetermined tho melting poitits of a number of natural felspars, and has 
obtained results low(ir than those given by Day and Allen in their work 
on the artificial compounds. l<’urther, he has reiterated Ids belief Chat 
when silicales are melted they dissociate to a very considerable e.xterit. 
into oxides, and has laid gn‘afc stress on the part played by viscardty, 

* fVimi. SifzungBhT,^ 1900, 115. 733; 1900, 27,483; Tnfh, Mitt, 

!/?«., 1906, 26, 70 and 20(5 ; Zeit. ZHdrochnn,, 1900, 12, 418 j On/a Mia,, lOUfi, 
193. 
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crystallising power, iUid velocity of crystallisation in detei'iniuing l.lio 
particular compounds which separate from a magma. 

The relation between the composition of the mixture and, that of the 
eutectic is regarded by him as of ver}"" minor importance. This point 
lias been specially studied by M. Vucnik/ who has attempted to tc‘.st 
Vogt’s view in the case of certain binary mixtures, as for instance 
anorthite and fayalite, or anorthite and olivine. No eutectic structure 
was observed, but that mixture had the lowest melting point for which 
the composition was that required by thooi’y for the eutectic- M. 
Vuenik and 11. 11. Reiter ^ have also examined the elTeiti. of fusing a. 
number of ternary mixtures such as anorthite, linden! >ergiU‘, and 
olivine; leucite, olivine, and achmite ; labradoritc, aogerinc, and (daolito ; 
albite, augito, and magnetite, As can readily bo imagined, the 

results obtained are complex, and subsianct^s like spinel and homatito 
not present in the original mixture crystallise out on cooling. Huch 
facts as these they x'egaixl as evidence that dissociatimi of tlie origiind 
silicates has taken place. The gonei^al conclusion drawn from the 
experiments is that from fusions of this kind miiicrals .separate in the 
following order: spinel, homatito, magnetite, oHviiu*, nmgiu'iite (:2), 
aiigite, magnetite (3), nepludinc, plagioclase. This Dialer is conditioned 
by the chemical reactions accompanying the dissoeiation of the silicsiies, 
as well as by the composition of tlio inixLuro an<l its relation to that 
of the eutectic. Hint sixpersaturation may play an important pari is 
to be gathered from the fact that magnetite can appear at inorb than 
one stage, while viscosity, velocity of cooling, and power of cryHia!- 
Hsation all have a share in determining the result. They fnul in tiuwc 
experiments no confirmation of Vogt’s views as to the importance 
of the eutectic in determining the order of crystal Hsation. 

J. IL L. Vogt himself* on the other hand, continues to insiKt most 
vigorously that the laws of phy.sical clumiisiry ostabHslit‘d by the 
.stmly of Holui.ions are directly applicable to mixtures of molten 
Hilicates, which he regards as but slightly, if at all, diHsociaietl. Jlc 
has recently contributed a masterly exposition of hiB views to the 
pages of TscMrnmh^n MlmmlogMm M This begins with 
a brief rmumt* of the laws governing the solidification of binary and 
ternary mixtuics, anil includes an account of RoaKeboom’s cdaHsificaiicn 
of mixed crystals. The application of those principle.H to ilags is noxi 
dmeusaod, and van’t Hoff’s law of molecular freossing point deproMsion 
shown to hold for such cases as llkermanite and augito, nudihiti and 
anorthite, diopside and olivine, meliHio and oliviiw. I ncidtuikdly th© 
conviction is expressed that JDoelter’s oxpeudmonis in ibis direction iir© 
not calculated to throw much light on the subjot^t, 

* a€nti\ Mhh, 1906, 13‘i. - Jtthrk Min, 1110*1 ikil iA/., 22, Is.". 
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In a succee'cling mixed ciystals formed by AlgoHiO^ 

andFe 2 Si 04 are shown to belong to type I of Roozeboom'w classification, 
and the importance of zonal structure as indicating a slight degree, of 
supersaturation is pointed out. Arguments are also adduced to show 
that the mixed crystals formed by enstatite and diopside fall under 
Eoozeboom’s type IV. The results obtained by Day and Allen are 
utilised in the elaborate discussion of the felspars which occupies the 
second half of Vogt’s paper and is devoted mainly to the consideration 
of mixed crystals composed of orthoclase, albite, and anorthite. It 
is shown that* whereas the binary mixture, albite and anorthite, 
belong to type I, the mixtures of orthoclase with albite or anorthite 
belong to type V and form eutectics. The ternary mixture in which 
all three components are present is also discussed and illusstrated by a 
diagram. Further, the work of Schreinemakers ^ is applied to the case 
in which the mixture of •orthoclase and albite is present with some 
independent component such** as quartz or olivine. Such a case must 
fall either under Schreinemakers’ type d or typo c, and it is stated that 
the combination quartz, orthoclase, albite belongs to the second of 
these, and yields as final product a ternai'y eutectic mixture of quartz 
and the two kinds of mixed crystals. A full discussion of some of 
the latter points is to be given in a continuation of the paper. 

DepositioQi of Quartz from Aqueous Solutions. — J. Cl. Kunigsberger 
and W. J. Muller ^ have attempted to throw light on the conditiotis 
under which quartz and other vein minerals have been deposited, more 
especially in the case of those found in the biotite-protogine of the 
Aar. Assuming that these minerals have crystallised from solution.^ 
having approxinaately the composibion of the inclusions found in 
the quartz c-rystals of the district (see page 323) at tompmutures 
between 120*^ and 500% they have attempted to imitate the conditions 
of their formation by heating glass and obsidian with water and carbon 
dioxide in a steel bomb lined with platinum-iridium. The bomb was 
heated in an electrical oven in which it could be shaken and inverted. 
On inversion a filtering arr{ingement came into action which enable<l 
them to examine separately the crystals deposited from the Kolutit>n on 
cooling. 

The composition of the gla^s (I) and obsidian (II) was : — 



SiOj. 

AI 2 O 3 - 

Fe^Os. 

MgO. 

CnO. 

IvjjO. 

Na.p. 

H.p. 

I. 

69 -21 

2 '48 

0'45 

0-52 

9*84 

1'98 

It in 


II, 

74*3 

1 S ‘0 

2*6 

0*3 

1*00 

4*15 

3*8 

(1*3 


The glass was completely decomposed on heating with water to 360'’, 
and quartz crystals and some opal were found to have separated from 
the solution. The residt^e in the tube consisted chiefly of amorphous 

^ Zaik phynikah Qhem,^ 160II, 51, r»69# 

Uentn Miin, li)06, 339, 353. 
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silica, together with tridymite and a little quartz. The glass was also 
decomposed if the water contained small quantities of carbon dioxide, 
but if miich was present the glass was less readily attacked. Obsidian 
treated with water was more resistant than glass, but on adding sodiuMi 
bicarbonate decomposition took place and quartz was formed. 'When 
heated to 420° with a solution of the composition of the quartz 
inclusions, obsidian was partially converted into a substance identi- 
fied with aegirine-augite. Zeolites were not observed in these 
experiments, Quai'^tz, muscovite, and adularia were all more or less 
attacked by water at 350°, and dissolved completely when heated to 
the same temperature with a 20 per cent, solution of sodium carbonate, 
carbon dioxide escaping from the tube, wliich was not quite tight. On 
the other hand, water containing both carbon dioxide and sodium 
carbonate had very little action on quartz, adularia, sphone, muscovite, 
biotite, calcite, or fluorite at 370°. /The action of alkali carbonates 
flrst becomes considerable at those terffperatures at which they are 
strongly hydrolysed. The addition of carbonic acid dinunishos the 
hydrolysis, and in consequence the action of the alkali. This is in 
harmony with the experiments of Hpozia, who found that the action of 
a solution of borax on quartz was diminished by the addition of boric 
acid. The most important conclusioii arrived at by the authors is that 
in the system composed of silicic acid, alkalis, apd a weak acid such as 
carbonic acid or boric acid in aqueous solution, the deposition of 
cpiartz can only be explained by a cliange in the oeptilibrium point of 
a reversible reactioxx, tho acidity of the siltoio acid increasing with 
greater rapidity as the temperature rises than it does iix tho case of 
the other weak acid present. They also point out that the Kitnul* 
taneous production of quartz, tridymite, opal, and chalcedony is in 
harmony with vanT IIoil'E rule that high valence favours the existeiico 
of labile compounds. 

The Silicic Acids. — G. Tschermak ^ and his pupils have carried out 
a good tloal of new work on the lines described last year, and believe 
that they have established the existence of several new silicic acids, 
and thereby thrown light on the constitution of a number of minerals. 
Ilvaite, anorthite, and olivine all yield metasilioic achl# and 

must therefore be regarded as metasilicatcs, Willemite and motiib 
cellite are orthosilicates. Pectolite and woUaKtonite both yield 
H^BigOi,! and wollastonite is therefore Meerschiwim from 

Asia Minor also gave an acid, MjjStgOjj, Massive and folia tad 
serpentine and also chrysotile were found to have the composition 
H4MgjSigO|j, but whilst the latter gave an acid, the fornaar 

* iFi&n. li06, 115, i, 217, 007 ; i{» AAmL IF kit. ^ 

1900, 10, 339, 
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gave HgSi^OiQ, and the same substance was obtained from tlie 
pseiiclomorphs of serpentine after olivine from Snarum. Chrysotile is 
therefore to be written H4(Mg0H)4(Mg0Mg)Si40i;^, and serpentine 
PI,(Atg0H)jjSi40^2* datolite and gadolinite a new pulverulent acid, 

HySi.jOr,, was obt^Lined. Heulandite, taken to be If 
an acid, Hj^SiyOi^, and must be written IIg(Ca02 Alo02H2)Si,.0jw,H20, 
the bivalent group IlOAlOOaOAlOH being present. They find, more- 
over, that heulandite lost calcium when exposed to the action of a 
considerable quantity of water, and therefore conclude that it was 
probably deposited from a concentrated solution/ 

Co^isHtution of Zeolites . — Reference was made last year ‘ to the ex- 
periments of F. Zambonini on heulandite and on thomsonito, by which 
he attempted to throw light on the vexed question of the part played 
by water in these compounds. The conclusion to which he tlmn came 
was that these ininerals#are comparable to the hydrogels described by 
van Bemmelen. Ho has been confirmed in this view ]>y his recent 
researches,^ which have been conducted on lines similar to those 
already described. Thus lie finds that the dehydration of, and the 
reabsorption of water by, gelatinous silica prepared from pptassium 
silicate follows much the same coiu'se as in -the case of the zeolites. 
The amorphous nickel ore garnierite, (Mg,Ni)Si0;j,nlT20, from 
Noumea, Nevv Caledonia, on the other hand, exhibits a very different 
behaviour from heulandite and thomsonite as regards its capacity for 
reabsorbing water after partial dehydration at various temperatures. 
This substance is probably a solid solution, and it is therefore hardly 
likely tlmt the zeolites are to bo regarded as having the same con- 
stitution. Further, ho concludes that the water tukon up again by 
zeolites after they have been heated is more loosely held ilian the 
water originally present, and he bases this statement on the dehydra- 
tion curves of the rehydrated zeolite. Lastly, observations made on 
dioptase lead him to the somewhat remarkable conclusion that in the 
case of this mineral we meet with, ^ example of solid solution. 

The constitution of certain ;^^;ybates has also been diKcussci by 
11. C. IMcNfil,^ who, continuing the line of research begfnTm**icftr^ 
F, W. Clarke, has examined the behaviour of various mmeral' 
treated with strong solutions of liydrochloric acid and t 
carbonate both before and after ignition. He finds that talc 140, 
has been strongly heated contains one-fourth of its silica in a, 
soluble in sodium carboimte, the residue being completely decom 
by hydrochloric acid. Ho concludes that talc contaitis both an 
and a tri-silicate radicle, and that the latter on ignition turns int^ fvora 
SigOa group Ryrophyllite he regards as a true acid 

^ Amu licpori, 1905, 271. " Mem. JL Amid, lined, ISOO, 6, 10 

« J, Aimr, ahem. Soe,, 190C, 28, 590. 
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The results obtained with kaolin accord with the supposition that it is 
an orthosilicate, B[ 0 Al( 0 Si 03 H 3 )( 0 Si 0 gAl), converted, on heating, into 
'AlgSigOy and water. Halloysite on ignition also gives Al^SigO^, 
and may be regarded as kaolin combined with one molecule of 
water. McNeil has also carried out some experimeii-ts on zeolites, 
on the lines' of those made by Steiger, but instead of using sealed 
tubes he has fused the minerals with various chlorides in platinum 
crucibles. As the result of experiments in which chabazite, stilbiie, 
and thomsonite were fused with sodium chloride, he believes that these 
silicates belong to the same class and have the following general 
formula : 

A1(X A1)(XH./ AlO.BTa) \l^. 

In thomsonite X is chieiiy SiO^ in stilbite BigOg, and in chabazite a 
mixture of both these groups. 

Mutual Iletaiions of Fused Ohlorldes.-fr^omQ fresh light has been 
thrown on the minerals of the cerargyrite family by tho work of 
K. Monkemeyer,^ who has studied the freezing point curves of binaiy 
mixtures of AgOI, AgBr, and AgT. These three substances molt at 
452“^, 425°, and 552° respectively. Tlie*tvvo former crystallise in tho 
holohedral class of the cubic system, but the iodide is dimorphous, the 
cubic form being stable above 140^”, whilst below that temperature 
the substance forms hexagonal crystals. In the case of the mixture 
AgCl-AgBr, the freezing point curve is of type ITT of Roozeboom’s 
classification. A continuous series of mixed crystals of the same kind 
is formed, and a minimum freezing point lying below the melting 
point of the more fusible constituent is reached. Tho minimum 412‘^ 
was found to correspond to the mixture containing 35 per cent, of 
silver chloride. The mixtures of bromide and iodide also conform to 
type III, the minimum value of the freezing point being 377'*, 
corresponding to the mixture containing 73 per cent, of silver bromide, 

this case the phenomena are further complicated by the transforma- 
tion of cubic into hexagonal crystals conditioned by the presence of the 
iodide* This transformation falls under type I a of lioozebooui’s 
schenie, the mixed crystals forming a continuous series before iwid 
after the change, only one component being dimorphous* In tho case 
of the chloride and iodide mixture the freezing point ciirve is of ty|Hi 
V*. The series of mixed crystals is interruptetl, and a eutectic occurs 
containing 42 per cent, of silver chloride and solidifying at 21 V\ The 
chloride is only capable of taking up very small tjuantiliew of iodide, 
while the hitter will mix with as much as 13 per cent, of chloride* The 
transformation into hexagonal crystals confornm to typo IIIa. The 
view suggested by L, J, Bpencer’s study of mlerKito, that wlvor iodide 


VOA. 111. 


^ Juhrk Mill. 1900 , IkiL^lkL, 22 , 1 , 
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is trimorplious, lias not received any confirmation from these es:peri- 
ments. 

Water of Crystallisation . — The difficult question as to the manner in 
which the elements of water are combined in minerals has been 
attacked by W. W. Ooblentz^ in an ingenious way. The infra-red 
absorption spectrum of water exhibits well-marked bands at the 
approximate wave-lengths 1*5, 2, 3, 4*75, and Oft, those at 8 and at 6 
being especially styong. Ooblentz has therefore examined a large 
number of minerals to see if those containing so-called water of 
crystallisation show the water bands. In the case of selenite, 
0 aS 04 , 2 H 20 , he found that these bands were strongly marked, with 
the exception of that at 4*75, the place of which was taken by a strong 
band at 4*55. Anhydrite, CaBO^, on the other han^, did not show the 
water bands, although in this case also the band at 4*55 was prominent. 
This band was subsequently found to be well shown by anglesite, 
barytes, and celestino, as 'well as by glauborite, kieserite, and 
thenardite \ it is doubtless due to the SO^ ion. Opal, heulandite, 
stilbite, natrolite, and' scolecite all showed the water bands. On 
examining hydroxides the water bands were found to be want|ng, with 
the exception of that at 3, which appears to bo characteristic of this 
class of substances. This was found to hold for manganite, guthite, 
bauxite, turquoise, lazulite, bydrargyllite, and diaspore. In the case of 
datolite and azurite the band at 3 was slightly displaced, while brucito 
exhibited a complex band with maxima at 2*5, 2*7, and 3. Tourmaline 
showed bands at 1*28 and 2'S2. The examination of chloritoid, 
clinochlore, pennine, the micas, and talc revealed no indication of the 
presence of hydroxyl. On the other hand, this group probably exists 
in serpentine, which shows a well-marked b;ind at 3/x. 

'' New Minerals. 

Belliie . — This mineral has been described by W. F. Petard. “ Ft 
occurs in*dolicate tufts and velvety coatings lining cavities in a soft 
iron-manganese-gossan at Magnet silver mine, Magnet, Tasmania. 
Minute hexagonal %cales are sometimes met with. The colour is bright 
cidmson to orange-yellow. Sp. gr. 5*5. 

The following analysis is by J. D. Millen : 

PbO. CrO,. SOa. A.%0«. Alj.0,^, CL Total. 

7T9 61*6B ■ 22*61 0*05 6*65' 0*04 0*11 0‘01 0*62 1)9*16 

CklorntanganohulUe . — A preliminary account of this mineral ‘has 
been given by U. J. Johnaton-Lavis,’^ who found it in the form of 
canary-yellow rhombohedra associated with halite inside a block ejected 

^ PhyiikaUlermv, 1906, 23, 126. 

2 Tmmanin. lUpori of Smrela7^y for Mbua fur WA. Jhlmrf, 1 \Mk 

•** NainrOi 1906, 74, 103. Bee alnt) A. Lauroi'x, (Jompt. rvniL^ 142. TJ49. 
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from Vesuvius. Analysis shows that the mineral is essentially a 
double chloride of manganese and potassium containing 38*97 per cent, 
of MuC] 2,4H20 and 57*71 per cent, of KOI. 

ChlornatroJcalite. — This name has been given by J ohnston-Liavis ^ to 
a sylvite containing 12 per cent, of NaCl, found associated with 
chlormanganokalite. 

Gorceixxte is a barium aluminium phosphate. It occurs in bi’own 
pebbles, so-called '*favas/* in the diamond sands of Brazil, and has 
been described by E. Hussak.^ Omitting silica (present as included 
quartz grains), ferric oxide, and TiO^, the two following analyses by 
G- Florence lead to the formula Ba0,2Al203,P2C^53^1^2^j portion of 
the barium being replaced by calcium and cerium, and occasionally by 
strontium : 


SiO.,. 

TiO.,. 

BaO. 

CaO. 

CcO. 


EO^Og. 

P'i^bv 

HA 

1. 1-55 

0*67 

15*42 

3*55 

1*55 

35-00 

4*10 

22*74 

14 -(>2 

II. 6*5 

0*75 

15-30 

2-24 

2-35 

35*20 

1*67 

21*47 

14*73 

I/arUite.- 

—E. 

Hussak 

has 

Uvssigned 

this 

name to 

a strontium 


aluminium sulphato-pho.spbate found in fie.sh-coloxit'ed favas in this 
diamond sands of Brazil. The mineral is related to svanbergito, 

been analysod by Cb Ploronco, 

with the following results : 

TiOfi. ALA- ^^' 0 . CaO. CcO. PA- *^0^. H,)0. 

1*42 iS3-66 16-80 2*80 1*02 21*17 ll‘5d 12*5*: 

These numbers lead to the formula (Br,0a)0,2Al./)3,P2(h„>S0y,5H20, 
J/ydmfed Calcium Carbonate, — A deposit from the neSglibourhood 
of Novo- Alexandria, looking much like mould or a thin layer of 
cotton-wool, has been examined by L. L. Ivanoff,^ who finds tliat it 
consists of very thin, colourless, transparent, monoclinio or tricHnic 
needles. When kept over calcium chlorhlo at it losos 37*5G |>or 
cent, of water, leaving practically pure calcium carbonate behind. It is 
to be regarded as a hydrate, Oa<JOg,?tUgO, where is not loss ilmii 3. 

Kertschenite, — At one or two localities in the Kertsch J'en insula 
there is found a dark green or almost black mineral The formula 
(F6,Mn,Mg)0,Ife203i,p20j^,7HjjO has been given to it by B. P. Popoil^ 
on the ground of the two following analyses : 


lA- 



MnO, 

MgO. 

CaO. 

11 A 

Tt>taL 

28*19 

32-89 

9*50 

1 *99 

1-51 

0.49 

25*04 

99314 

28*21 

32*905 

9*49 , 

1*84 

1*66 

0*46 

24 -ill 

99*.Ui5 


Xew Mercury MineraL -In 1903 A, J. Moses described iwt) now 
nnnerul species, eglcsionite and terlinguaite, both oxychlorides of 
mercury, from the Terlingua district, Texas, ami indicatml the probable 
existence of a third. The last is now under inveatigatioii by W, F. 

* Nature, li>06, 74, 174. * « Tsciu Min, Mitt,, IHOCI, 25, mT. 

» IhkL, 335. Ann, Mat, lbmnu\ HiOn, 8, XK 

. ^ ^ Crnfr, Min, inOr*, 112. 
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Hillebrand and W. T. Schaller.^ The pi’eliminary examination has 
rendered it almost certain that this remarkable substance is a mercur- 
ammoniiim salt. It has so far been shown to contain HgjNjCljSO.p 
probably O, and possibly H. Further, P. G. Nutting has found that 
it gives off a littje helium on warming. The full account of this as 
yet unnamed mineral will be awaite<I with interest. In the mean- 
time we may note that A. Sachs 2 has suggested that the oiy chloride 
of mercury, SHgO^HgClg, described by him lasii year under the name 
of kleinite, may be identical with the substance referred to by Hille- 
brand. He finds, in fact, that both the sulphur-yellow and the orange- 
red varieties of kleinite ‘yield small and variable amounts of SO4 and 
ammonia, and he suggests that a portion of the ohlorixie in the above 
, formula is perhaps replaced by SO4, whilst oxygen is substituted by 
NHo. If these views are accepted, the formula, of kleinite becomes 
Hg;[01,iSO,J,[O(NH,),]3. 

Mormite , — Under this name F. Kretschinbr has (UwcriheAl a new 
member of the leptochlorite family, found in considerable quantity in 
tbe neighbourhood of Gobitschau, near Sternberg, Moravia. It occurs 
in scales and lamellae, iron-black in colour, and in physical characters 
and mode of occurrence it somewhat reseniblCvS thuringite, from which 
it may be distinguished by its superior hardnes.s and lower specific 
gravity, as well as by its different composition. The results obtained on 
analysis of two different carefully selected specimens were as follows : 



SiOa. 

AlgOa* 

lH‘aOg. 

FeO. 

CaO. 

MgO. K 

{jO + Na 


C. 

HgO. 

I. 

49 ’30 

22-71 

* 6-04 

13-90 

trace 

1-82 

1-10 

trace 

0-66 

4-05 

II. 

50'69 

19-62 

10-42 

8-30 

0-84 

1-46 

(?) 

0 03 

(’0 

5-02 


From I is derived the formula Il4(Al,Fe).j(lfo,Mg)^HiyOj,4. The other 
members of the group found at Gobitschau are : 

Thuringite, Hig(Al,Fe)g(F0,Mg)gSiQO4p 

Stilpnodilorane, H24(Al,Fe)iQ(0a,Mg)Sig04^. 

Stilpnomelane, H jg( Al,Fe)^(Pe,Mg)gBi30Og7. 

N'epouiie . — Under this name E. Glasser** has recently described a 
mineral somewhat resembling BreithaupFs connarito. It occurs in 
the form of a crystalline powder at Nepoui, New Caledonia. Five 
different specimens have been analysed, and the results quoted below 
are in .harmony with the formula 2Si02,3(Ni,Mg}0,2H20, nickel and 
magnesium being mutually replaceable in all proportions : 



SiO,. 

NiO. 

MgO. 

FcO. 

OaO. 

Al/l,. 

Il.p. 

TM, 

Sp, gr. 

1. 

32-84 

40-06 

8*64 

1*00 

0*60 

0*07 

0*64 

08*54 

3*24 

n. 

33-03 

46*11 

6*47 

2*20 

traces 

1*89 

.10*01 

00 -HI 

3*1K . 

in. 

3fr06 

39-00 

11 *80 

1*22 

0*68 

1*13 

10*06 

00*82 

2-80 

IV. 

40*07 

18*21 

20*84 

0*26- 

0*63 

0*72 

11 -OS 

101 *80 

2*47 

V. 

32*36 

60*70 

3*00 

0*62 

traces 

0*60 

12*31 

00*68 

3*20 


^ Jmer, J, M.,, 1006 , [iv], 21, 86. - Oantr, Min,, 1006 , 200 . 

a Bid, 203. UmnpL nnd, 190 «, 148, 1173 . 
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Oehrnite . — The formula 6Si02,6(Mg + JFe,Ca)OjH^O lias been given 
by E. S. EedorofP to a mineral of the following composition : 

SiO.,. AI2O3. Fe.P;j. FcO. MgO. CaO. Na^O. K.p. Hp. 

49'47 674 0 28 6*33 16-80 1774 0-38 0*18 2*41 

It occurs in the Jenashir district of the Caucasus and somewhat 

resembled diallage in appearance. It has three rectangular cleavages, 

(100), (010), (001), the latter being highly perfect, but crystallises in 
the monoclinic system as shown by the optical characters. The optic 
axes lie in the plane of symmetry, the acute positive bisectrix making 
an angle of 55° with the normal to (001). The angle ST is 63. 

Osannite is a variety of amphibole, intermediate between riebeckite 
and arfvedsonite, and is found in the gneissic rocks of Cevadaes, 
Portugal. The optical characters have been determined by C. 
Hlawatsch,2 who points out that in the amphiboles these pi’operties 
vary with the ratio Al^Og : Ee^jOg, and also possibly with the amount of 
water present. The following analysis is due to M, Dittrich : 

SiOa. TiOa. AlyOy. FeP;,. FoO. IshiX). MgO. CaO. Kap. K.p. ILp, Total. 
49-r)r> 0-34 017 20*38 1*30 0*16 0*90 6*53 0*85 1*85 99*35 

OtavUe is a basic cadmium carbonate containing 6 1*5 per cent, of 
cadmium, found by O. Schneider® as white to reddish crusts lining 
cavities on two specimens from the Tschumeb mine, Ofcavi, German 
South-West Africa. The crusts consist of minute rhombobedra 
about), %vhich dissolve with effervoscenco in hydrochloric 
acid, and exhibit a metallic to adamantine lustre. 

Paratmamitet — G. F. Herbert Smith ^ has proposed this name for 
a mineral of the same composition as atacamxte, OaCl3|»3Cu(OE).j, 
which he has observed on some specimens from Ohili. The crystals 
are of two habits, namely, rhoinbohotlral and prismatic. They are 
Hequently twinned, and have a good cleavage parallel to the rliombo- 
hedron faces. The specific gravity is 3*74. The refractive index, 
1*846. "On heating. the mineral it appears to give up its water rather 
more readily than does atacamxte. According to G. T. Pxior, tho 
composition is : 

CuO. Cu. Cl HyO. 

56*10 14*27 1517 M’10 

Parmimanile . — iladiatitig needle-like crystals, tmnsparetit. and 
somewhat blue in colour, occur in the limoiiite ore of tlie Kortsch 
Peninsula. The formula (Fe,Mn,Mg)gPg0j„BH|O has been found by 

* f/erwi 1005, 264. 

•j ^»ifi ‘ifnrtff Mmeuitttifehf 1006, 68. 

» amh\ Miiu, UI06, 680. * Min, 1006, 14 , 170, 
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S. P. Popoff 1 to agree well with, the analytical results. No ferric iron 
is present. 

P2O5. FeO. MnO. MgO. CaO. H.p. Sp. gr. 

27'01 39T2 2-01 1-92 OAS 20’41 2-o*0‘ 

Patronite . — Under this name P. Hewett ^ has recently described a 
dark green substance containing vanadium, which appears to occur in 
some quantity at Cerro de Pasco, Peru. A specimen of the crude ore 
was found to contain 16 per cent, of vanadium and 54 per cent, of 
sulphim, with considerable quantities of silica, alumina, andiron. It 
is at present undergoing examination at the hands of Dr. Hillebrand. 

Euther/ordine . — This interesting mineral occurs associated with 
mica in German East Africa, and is an alteration product of pitch- 
blende. The following analysis by W, Marckwald ^ shows that it is 
uranyl carbonate, XJOgjCOjj. In appearance it resembles uraxiochro, 

U0;i. COg. FbO. FcO. OftO. lUO. Oaiigiie. Total. Sp. gf. 

83-8 12 T I'O 0*8 11 01 O’S 100 ‘3 4*82 

SiliGomagmsiq/lum''ite . — This curious ' mineiai lia.s been found as a 
loose block composed of radiating hemispherical aggregates, grey or 
green in colour, at Lxxppiko, in the neighbourhood of Pitkaranta, 
Pinland. It has been examined by P. A. Zemjatschonsky,'^ who assigirs 
to it the formula K«Ca,jMg3Si207 PlO. which ho thinks may also bti 
written in, the form Mg(01I)F,MgSi03,(Ja(0n)P,CaSi02P2,2CaB\,MgFjj, 
Tlie fibres .show ‘straight extinction and weak positive dotxble refrac- 
tion. The specific gravity is 2*9125 at 2(P. 

Weinhergerite , — In the course of an examination of the Kodaikanal 
meteorite, E. Berwerth has found a new silicate in the foi’m of 
spherules exhibiting fibrous structure, associated with' <liopside. 
bronzite, apatite, and chromite. It appears to ciystalliscs in tlie 
orthorhombic system, and its refraction and double refraction are 
both very low. There is reason to believe that it is pseudomorphouH, 
According to E. Ludwig, the composition is : 

WiOj. TiO,^. PyOfl. FcyOs- AI.P3. .MnO. OaO. MgO. 

42-0 0*70 0-8S '28-75 9*42 0'98 traco 3-87 4*47 

K./>. Na/>. llyO. Total. 

2*57 319 217 90*0 

If we assume that the iron was present a.s FoO, that the water 
is not essential, and that and CrjjOg are due to the presence of 
apatite and chromite respectively, it will be found that the eompoHiti<m 
can be represented by the formula NaAlSiO^ ^-SFeBlO^, some of the 

1 CfHtr, J/'i/n, 1900, 112. Pmjm, Mining Jmtt'., 1900, 82, 385 

® i/cntf. Miiu^ 1000, 701, 2leiL Kry&t i/w,, 1900, 42, 209, 

» Tmh, Min. Milt., 1906, 25, 179. 



MINERALOGTCAL CHEMISTRY. 


311 


sodium being replaced by potassium, and some of tlie iron by magnesium 
and calcium. 

YUrocalcite . — A mineral described under this name by E. S. Fedoro:® ^ 
in 1905 has proved on further investigation to be identical with fluor- 
apatite.^ 

Yttrocrasite . — This name has been assigned by W. E. Hidden and 
0. H. Warren ® to an yttrium-thorium-uranium titanite. The material 
for analysis was derived from a single crystal weighing some sixty 
grams, found about three years ago in Burnet County, Texas, where 
the mineral occurs in loose pegmatite. The crystal exhibited ortho- 
rhombic symmetry and resembled certain yttrotantalites. 

It was covered with a thin brown coating, the underlying material 
being black with pitchy lustre. Optical examination of thin slices 
showed that it was not strictly homogeneous, but consisted of istropic 
and of feebly doubly refracting portions. Bp.gr. 4*8043 at 17°. The 
following are the results of Warren’s analysis : 


TiO.,. 


UO;J. 

COo. 

(Yt,Er).A- 

Ce.^O: 3 , A'C. 

l%0,. 

ThO,. 

UO.J. 

40-72 

1-87 

0-64 

0*68 

25't>7 

2 02 

1-44 

8-75 

1-98 



PbO. 

UnO. 

CaO. 

H 3 O. 

Total. 





0-48 

0-13 

1 -83 

4-46 

100-57 




A small quantity of Gbj^Og together with traces of Ta^O^,, BiOg, and 
MgO, were also found, and of the water OTO per cent, was hygroscopic. 
These numbers give the following approximate molecular ratios : 
BaO : irO ; : TiO.>- C : 1 : 3 : 1 : 16, where B"0 is chiefly 

lime, chiefly yttrium earths, and chieOy thoxda. The 

mineral is therefore essentially a hydrous titanato of the ytelum 
earths and thorium, but the fact that it contains both water ami 
carbon dioxide, taken in conjunction with the results of the micro- 
scopic examination, suggests that it may bo a hydrated alteration 
product of an originally anhydrous species. The radioacttivity of tlio 
substance has been determined by B. B. Bolbwood, who finds that it 
corresponds to 10 per cent, of thoxdum and 2*08 per cent, of uranium. 

** A JYew Zeolite. — A. Pauly ^ has examined the minute gmfna 
scattered through a quartz-sericite rock whicli occurs in the neighbour- 
hood of Hainburg. He fmds that they are isotropic and possess a good 
<;leavag© parallel to faces of the cul>o. The index of refraction i« 
T507 — T5h8 for sodium light, and is therefore higher than that of anal- 
cime. Microchemical tests showed the presence of Na, Ca, Si, A I, and 
BO4. About 10 per cent, of water was driven cdT on heating, proviog 
that the mineral is not a member of the sodalite group. The specific 
gravity is 2*4— •2*5, The author has been unable so far to obtain 

^ Gomi 1905, 264. Pr/mtfi eifmmuntmiion from 1. S. Ftnlorwif. 

» Amet, /. Sclj 1906, [iv], 22, 615* * ifHiti, 42 , :J70, 



312 ANNUAL BEPORTR ON THE PUOORERR OF OHEHnSTRT. 

sufficient material for ’a quantitative analysis, but thinks that his 
results justify him in concluding that the mineral is new. 


Artificial Formation of Minerals. 

A number of oases of the artificial production of minerals have been 
mentioned incidentally in a previous section, but a few .special experi- 
ments deserve a .separate description here. ’ , , 

Diamond . — A useful summary of the attempts that have been made 
to obtain this form of carbon has been contributed by A. Koenig to 

the pages of the -BMWiamw. 

Allen and- Wright-^ obtained Mg^feiO^ as a by-product 
when MvSiOo.was dissolved in fiuxes and allowed to crystallise. Ihe 
best specimens were furnished by magnesium chloride. The crysta s 
were small, but gave fairly sharp measurements, and agreed m habit, 
angles, and physical characters with the natural iiunoral. l erichtse 
was also observed in some of these experimoiits in well-formed 

Minute but measurable rhombohedra of this sub- 
stance, 0a0,Sn0s,B,0„ have been obtained by L. Ouvrard ■> by passing 
a mixture of air and stannic chloride vapour over calcium borate at n 


bright I'ed heat. , , , . i -ai 

Northupite, 2Mg00„2Na,C0,.3Na01, is probably isomorphous with 
tychite, 2Mg003,2Na,C03,Na,S0,. described by Penfiold and Jamieson 
last year. To throw light on this point, A. de Sohulten has at- 
tempted to prepare mixed crystals of the two substances. In this he 
has been successful, for by heating mixtures of the «Mo«d6 and 
sulphate of sodium in varioms proportions with 20 grams NajCOj and 
18 grams Mg»S04,7Hj0, dissolved in 350° c.c. of water, he has obtained 
crystals confining 99, 76, 64, 28, and 6 per cent, of tychite re- 
spectively. He concludes, therefore, that the two substances are 

perfectly isomorphous. . , u n , 

Quavtz has been produced in measurable crystals by Day and , 
Shepherd ^ by heating a mixture of ammonium magnesium chloride, 
sodium metasilioate, and water for three days in a steel bomb at 

-450°. The clear, colourless crystals attained a maximum length 

of 2 mm. They were doubly terminated and often barrel-shaped, 
showing rhombohedron faces passing by oscillatory developments into 
steeper rhombohedra, and finally into the prisms which showed the 
characteristic strim. In some the -1- .rhombohedron only was present. 
The anMo from prism to rhombohedron was 37°48' inst»d of 


1 2dL MkhiroafmiUi 1906, 12, 441. 
55 Compt rend, 1906, 148, Sin. 

^ Amt'r. J, 


Amer, J* Aei,, 

“ IhiiL, m. 

1906, iivl 22, 297. 


1906, [ivj. 22, 890, 
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38°13', this being perhaps due to some ingredient of the mixture held 
in solid solution. 

Some interesting experiments on the crystallisation of quartz have 
also been carried out by G. Spezia.^ He suspended a long crystal and 
three short prisms of quartz cut perpendicular to the axis in tlie 
lower portion of a tube containing a 2 per cent, solution of sodium 
metasilicate which was kept at a temperature of about 330^ at the 
upper end, whilst the lower end remained at ahoiit* 170®. The upper 
part of the solution was in contact with a quantity of powdered 
quartz. After heating for one hundred days, it was found that a 
quantity of silica had dissolved and had been deposited again on the 
prisms, converting ,bhem into more or less perfect crystals. The long 
crystal had also increased in size. It was observed that quick 
crystallisation appeared to favour the development of a long prism 
terminated by the faces of one rhombohedron. Slow crystallisation, 
on the other hand, gave a short prism terminated by the faces of 
two rhombohedra. 


Miner cd Analyses. 

Many mineral analyses have been published during the past year. 
It is only possible here to refer very brieily to some of those which 
have- thrown light on the composition of rafe or imperfectly described 
species, or whicli are of special importance, because made on carefully 
selected material of which* the crystallographic and physical characters 
have also been detormined. Fox* *tho rest, reference should be made 
to the Abstracts published by this Hociety. 

Apatite . — Crystals from the Rhone glacier have been the subject of 
an elaborate crystallographic and optical study by K* Busz.^ Ho 
finds a;c = l : 0*7335, and that for sodium light, 0 )^==: 1*63558, 

cs=l *63320, A second prism gave slightly dilToront values, Tlie 
analysis quoted below shows that tlie substance is a pure Jfluor-apatite. 

P.jOi,. AiPa. CaO. MgO. KaO. HaO. F. Sp, gr. 

•'41*44 0*94 0-39 54*80 0*14 0*45 0*53 0*22 2*93 ■ 3T95 

Traces of iron and chlorine were found. 

Apophylliie. — In a preliminary communication F. Cornu ^ announces 
that the extreme members of the leucocycHto typo of apophyllite are free 
from fluorine, but contain hydroxyl ; the Rpetdraens of the chromocyclit© 
type, on the other hand, contain fluorine. Th© former are optically 
positive and possess Iiigher indices of refraction than the lattex*, which 
are negative. 

This mineral occurs in some quantity at C/harbes, Yal 

* AUi M. Atcnd. foTim^ 1900, 41, 158. Cmir, lllOtl, 768. 

3 Ibhl, 79, 
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de Ville (Weilerfchal), Alsace, 
gave the following results : 

S. Sb. Fe. 

28 '02 54-00 12*72 


A specimen analysed by XJngemach ^ 


As. SiO.. Total. Sp. gr. 

traces 5*29 100*0» 4'21w.4*23 


On subtracting the silica, numbers -are obtained which agree well 

with the formula FeS^Sb^Sg. , 

Boleite^Group.—(^> Friedel ^ has published a comprehensive account 
of this group, based on an examination of specimens 'preserved at the 
ficole cles Mines de Saint-Etienne, supplemented by some from the 
licole des Mines de Paris. He has also been able to study Mallard s 
microscopic sections and some of Lacroix’s preparations. ^ e recog- 
nises three distinct species in the group, namely, cumengerte, pseudo- 
boldite, and bolcite. All three ci'yatallise in the tetragonal system, . 
and their chief properties are summarised below : 


Name. 

CUmiengeite 

Pseiido-boloite ... 
Bolcitc . A' 


Formula. PaTiimeter c. 


4PbCU4CuO,5Il.p 

5PbCL,4Cu0,6H20 

9 PbCi; SGuO, 3 AgCl, 91 ip . . . 


1*625 

2*0*23 

3*990 


Sp. gr. 
4.*(>7 
4-85 
5*054 


Ihrefriiigenee. 

O’lOO 

0*032 

0*020 


The above formula differ considerably from those hitherto assigned 
to members of the group, and are based on the following analyses, ol 
■which I refers to cumengeite, IJ to pseudo-boleito, HI gives tie com- 
position of pseudo-boleite on the assumption that the silver chloride pre- 
sent is due to admixture with boleite; IV is the moan of two concordant 
analyses of boleite made, one on material derived from the exterior 
of the crystals, the other on material from the interior. Under la, 
Ilia, and IVa are given the theoretical percentages corresponding with 
the formuhe. As the analysis of psoudo-boloite was made on 0*0048 
gram only, and as the water yielded by this substance could only be 
obtained by calculation from an estimation made on a mixture <vf 
boloite and pseudo-boleite, of which the composition was but 
approximately known, the formula assigned can only be regarded m 


provisional. 

I. 


11. 

ni. 

UhL 


IV. 


Pb 

p| 

.. 54*47 

19 *03 

.54*46 

18*68 

53*5 \ 
20*2 j 

77*5 

76*52 

r 

i 

49*34 

17*16 

49*93 

17*13 

Cu6 

lip 

Rthmlue 

AgCl,... 

... 20*27 
... 5*90 

.. 0*19 

20*93 

5*93 

16 6 
15*51 
0*8 
1*0 

16‘0 

5*5 

17*51 

5*97 


17*18 

4*36 

0*23 

11*59 

17*05 

4*35 

11*54 


Breunnm'it6.--Lmg& rhombohedra have been observed by O. Fiolti 
in serpentine near Avigliana. The mean value of the rhombohedron 
angle is whence c« 0*808642. The ordinary index of re- 


1 


Bull A'fWJ. fmn^, Min., 1906, 29, 266. 
3 A it i II* Aecad* Bci. Torino, 


*■* Ihkt, 14. 
1906 , 41 , 1066 . 
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fraction determined by the Due de Chanlnes^s method is 1*715. The 
composition is 90 '4 7 per cent. MgCOg and 9 '45 per cent. F0OO3. 
Traces of manganese are present, but no calcium. A specimen from the 
Sylvester mine, Yal de Yille, analysed) by Ungemach,"^ contained 3*10 
per cent. OaOOg, 35*08 MgCOg, 61*25 FeOOg, whilst another specimen 
from the same mine contained 52*65 per cent. OaCOg, 25 '47 per cent. 
MgCOg, and 2T85 per cent. FeOOg, and is therefore ankerite. 

Two specimens from Frigido, near Massa, analysed by E. Manasse,^ 
contained respectively 46*30 and 55*09 per cent, of FeO with 12*18 and 
5*94 per cent. MgO. The former corresponds to 2FeC03, MgCOg, 
the latter to SFeCOg, MgCOg. 

Two other specirqens from JBottino, Tuscany, examined by the same 
analyst,® had a composition agreeing Avith* the formula SFeOOgjMgOOg. 
* Gahrerite . — A measurable crystal found on a specimen from Laiirium 
has enabled A. Sachs ^ to determine the constants of this mineral 
He finds that it is monoclinic, a : 5 : c = 0*82386 : 1 : 0*77672; 
yS=106°29'. The - composition of the a])ple-green crystals is as 
follows : 

NiO. CoO. FeO. MgO. H^jO. Total. Sp. gr. 

40-45 26*97 trace 1*10 6*16 25-20 99-04 3 0104 

The mineral is isomorphous with erythrite, though the similarity of 
angle is not very close. 

Galcite . — In the course of an interesting investigation into the cause 
of the persistent phosphorescence exhibited by certain specimens of 
calcite from Fort Collins, Colorado, and from Joplin, Missouri, W. P, 
Headden® has made a very* careful analysis oF the well-known yellow 
crystals from the latter locality. The results are as follows : 

SiO.. OaO. MgO. MnO. FcO. ZnO. 

0*032 43*1)50 55*740 0*113 0*015 0-016 0*014 0*007 

{Di,Sm,La).p3. 

0*012 0*012 

Traces of SOgjPgO^yCbSrO, AlaOgjCrgOgjNHg and Ha^O were obsorvod, 
but no hydrogen sulphide could be detected, and of the ga.H evolved mi 
dissolving 100 grams of material, all but 10 c.e. was almcirbod by causlii* 
potash. The author is itudined to attribute the remarkable phosphor- 
escence to the presence of some member of the yttrium group. Hpecu- 
mens of other colours are found with the yellow ones, tuuP thoho of 

^ IlitlL franc. Jf/a., 1906, 29, 279. 

Man. Hud. Tms, Hai. NaL^ 1906, 22, 81. 

^ Froc. r&rh, Soc, Tim. FcL NaL^ 1900, 15, 20. 

^ Amer, /, 1906, iiw], 21, 301. 


* ae.nir. Min,, 1906, IHH. 
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purple tint exhibit the absorption bands characteristic of didymia, but 
none of them shows the persistent phosphorescence. 

Cdestine. — A dolomite containing considerable quantities of celestine 
is found at the Woolmith quarry, near Maybee, Monroe County 
Michigan. “-Fine crystals of the mineral are met with in cavities in the 
rock, and have been the subject of crystallographic and chemical 
examination by E. H. Kraus and W. E. Hunt.^ Axial ratio « : 5 : 
0*7781 :1 : 1*2673. Sp. gr. 3*979 at 20*5°. . Analysis of clear, trans- 
parent crystals gave the following result : 


SO^. 

SiO. 

BaO. 

MgO. 

CaO. 

(AlFehO; 

. SiOa. 

Total. 

43*58 

53*75 

1*26 

0*12 

.0*45 

0*15 

0*22 

99*53 

43*60 

53*78 

1-32 

0*14 

0*47 

0*13 

0*23 

99*67 


OhalmQTsUe.--YM Hussak,^ having received a fresh supply of this, 
mineral from the St, John del Iley mine, has been able to place 0*0896 
gram of pure material in the hands of G. Elorence for a now analysis, 
the first having been made on 0*016 gram only. 'Plie results quoted 
below lead to the formula OuFegSg or CujjB, Eo^{8g. 

Ee. OUi. S. Total 

43*1.1 22*27 35*11 100*51 

Glintonite and Chlorite Group. — E. Manasse ‘‘ has analysed a 
Ghloritoid (T) from Strettoia, Alpi Apuane, two specimens of ripidoUte^ 
from Calci (II) and Verruca (UI) respectively, and a clinochlore from 
Affaccata (IV). Tlie results are given below : 



SiO^. 

TiO,. 

AbO;t. 


FoO. 

MgO. 

Na.O, 

lip. 

I. 

25*70 

0.69 

36*95 


23*44 

0T2 


0*31 

11. 

20*14 


23*65 


3 8*38 

19*48 

0*56 

1 1 *93 

III. 

24'93 


21*80 


28*08 

3 *2 ‘82 

tran* 

1 1 *04 

IV. 

28.96 


21*41 

3*12 


34*07 


I2*8tl 


In analysis I water was determined by ignition loss, and the iron all 
calculated as EeO, although Ee^Og was also present. 

Datolite. — A valuable con^tribution to our- knowledge of this mineral 
has been made by E, II. Kraus and O. W. Oook,'^ who have examined 
the excellent crystals found at Westfield, Massachusetts* These 
crystals are rich in faces, and exhibit monoclinic symmetry with the 
following constants, a *. 6 : <;®s 0*63482 : 1 : 1*26567 ; p. » 90*^91 Careful 
determinations of the specific gravities of four crystals gave a mean 
value of 3*0058' at 21*5^. This composition is accurately expressed by 
the accepted formula HOaBBiOj, Analyses II and III below were 
made on material derived from a single cryataL Under I is given 
the theoretical composition. Crystals of this mineml found at the 

» Ame.r. J. 1906, [ivj, 21, 237. ® Omir. l/wi,, 3,900, 382, 

Pr(M% ViTb. Soe. Tosc. Aet\ NaLj, 1906, 16, 20. 

* Amtir, J. Bci., 1906, [iv], 22, 21. 
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Oolebrook mine, Dundas, Tasmania, have been measured by C. 


Anderson,^ who finds that they have the composition 

given 

under TV. 


SiO.^. 

FesOg. AlgOg. 

OaO. 

MgO. 

B.Og. 

HgO. 

Total. 

I. 

37*63 



34*95 

— 

21*81 

'6-61 



IL 

37*60 

0*10 0*14 

34-64 

0*32 

21*76 

5*67 

100*23 

HI. 

37*58 

0*10 0-16 

34*74 

0*31 

21-94 

5*76 

100*59 

lY. 

36*28 

0*95 

36*21 

— 

20-48 

6*48 

99-40 


Dundasite occurs in white spherical aggregates or in tufts of radiat- 
ixig silky needles associated with allophane and cerussite at Welsh 
Foxdale Mine, Trefriw, Carnarvonshire. G. T. Prior ^ finds that the 
analytical results suggest the formula, PbO, Al.^OgjSCOajiHgO : 

PbO. AiPs. Fe^Oa- CO.,. H20> 100°. I-Lp atl00°. lubol. Total. Sp.gr. 

43*20 21*39 1-61 16*45 * 13*60 1*41 1*80 99*46 ■ 3*26 

•The Welsh mineral is like that from Tasmania, and shows a relation to 
dawsonite, Na20,A1.203,2C0j|,,2H20. 

Fluorite.-^l^nx the course of an elaborate study of fluorescence, 
H. W. Morse ® has examined the composition of the gases given off 
when fluorite is heated. In the case of specimens from Weardale 
these consisted chieBy of carbon monoxide, carbon dioxide, hydrogen, 
an4 nitrogen, with small quantities of oxygen. The two latter were 
not present in the proportions in which they occur in air, and no argon 
or helium was found. He concludes that the gases are due to the 
decomposition of some organic colouring matter, but that there is 
notliing to show that organic substances have anything to do with the 
liuorescenco or thermo -luminescence of the mineral. 

Garnet , — The chemical composition and optical constants of a number 
of garnets have been determined by M. Soobach.'^ His results aie 
tabulated below : 

1. Gi^ossular from Xalostoc, Mexico. Pink dodecahedra. 

JI. Pyrope from Colorado Kiver, Arizona, Blood-red ina.sses. 

111. Pyrope from Moronitz, Bohemia. Dark, wino-rcd grain.s. 

LV. Almandine fi-om Ceylon. Brown-red to wine-red grains. 

V. Almandine from Jeypoor. Irregular, dark-red fragments. 

YL Melanite from Frascati. Well-developed, black crystals. 

VII. Andradite from Bognaczka, Green crystals. 

YIII. Demantoid from Polewskoi-^awod, Urals. Boiled ma«sos. 




TiO... 

Al,Og. 

Cl’gOg. 

FO-jOg. 

FoO. 

MnO. 

(laO. 

MgO. 

Total , 

L 

40*79 

— 

21*70 

— 

0*18 

0*43 

1*07 

86*63 

0*39 

100*19 

11. 

43*37 

— 

20*99 

2*36 

— 

10*‘21 

0*62 

4 *04 

18*42 

100*41 

III. 

42-98 

— 

21*34 

2*06 

0-96 

7*80 

0*50 

4*47 

20*67 

100-77 

IV. 

37*26 

— 

19*43 

— 

3*29 

36 *1.6 

1 *24 

2*01 

1*13 

100-30 

V. 

38*07 


19*63 

— 

2*16 

31 *68 

1*36 

6 *03 

2*77 

100*60 

VL 

34*74 

1*54 

5*44 

— 

21*96 

1 *99 

0*66 

3 2 *08 

I *48 

100*37 

vn. 

36*79 

— 

1*39 

— 

29*30 

0*69 

0*26 

31*40 

0*77 

100*60 

Vlll. 

30*37 


1*54 

1*32 

28-89 

0*62 

0*34 

32*2(1 

0*21 

100*46 

* Mee, 

Amiralimi Mu8,i 1906 

, 6, 133. 


’•* Min, 


1906, 14, 167. 



* Proc, Anicr, Amd.f 1906, 087, latuaj, 2)m, TltidrUfenjt 1906 , 
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All the above are the mean of two concordant analyses, with the 
exception of VI, which is the mean of four analyses. The minerals 
were decomposed by fusion with anhydrous boric acid, and the analyses 
conducted by tl>e methods developed by Jannasch and his pupils. 

In the following table are given the specific gravities and optical 
constants of the minerals before fusion, the specific gravities and 
indices of refraction for sodium light (so far as the latteip could bo 
determined) after fusion, and the proportion of the fused mineral 
soluble in hydrochloric acid. The molecular ratios calculated from 
analyses III, V, and VII agree fairly well with those required by the 
garnet formula diverge considerably from the 

theoretical values in the case of analyses IV, VI, and Vlll. 

After fu.sioij. 




Before fusion. 



Pen 

•enbig« 



. --- 

. 




>h\hU 

No. 

Wp. gr. 


jUNa. 

/xTl. 

q>. gr. 

MN*!).. ill 

IK’L 

I. 

3T)00 

1-7319 

1*7361 

1*7411 

2*iSt>6 

1 **9205 

all 

JI. 

3-715 

1-7371 

1 *741 7 

1*7463 

3-190 

— 

82 

Jib 

3-679 

1-7417 

1*7463 

1 *750.5 

3*251 


84 

IV. 

4-040 

1*7724 

1*7779 

1 *78*25 

3-009 

. — 

72 


4-025 

1*7763 

1*7816 

1*786*2 . 

3*240 

— 

74 

VI. 

•3-774 

1*3471 

1*8560 

1*8658 

3*263 

1 *7667 

97 

riL 

3-660 

1 *8763 

1 -8878 

1*8990 

3*171 

1*8177 

all 

VIII. 

3-SOl 

T8767 

1*8881 

1*8999 

3-335 

1*8 no 

99 

A few 

other 

analyses of 

garnet may also he 

rccortled hero. 

Of those 


1 refers to a bright red sj'iQsmrtUe from Kfirarfvot near Falun, analysed 
by 0. JJonedicks^; II gives the comjjjpsition of a brown variety from 
the same locality ; these garnets are interesting bctnniHe they contain 
an appreciable quantity of yttria ; XU is a dark brown garnet foiunl 
in pegmatite at YamanO, Uitachi Province, Japan ; IV oc^enrs in brown- 
red crystals in mica andesite at Anamushi, Yamato Province. The 
analyses were made by Shimizu/- 




AiPa. 


FcO. 

MnO. 

<!aO* 

JVIgO. 

Total 

Hik gr. 

I. 

35*67 

•22*50 

1*19 

19*17 

21 *91 

traces 

— 

100*44 

4*197 

lb 

35*36 

22*34 

1-23 

22*01 

18*80 

trace.s 


99*74 

4 *1958 

Ilb 

30-39 

23*06 

— 

24*77 

14*21 

1 *57 

0-67 

100-66 


IV. 

36-74 

20-71 

— 

34*91 

1*67 

2 -n 

3-27 

99-41 



GeikieliU* — A number of specimens of ferro-niagneBian titanatos 
from Ceylon, including the original geikielite (analysis I below), have 
been examined by T. Crook and B. M. Jones.^ They find that this 
mineral contains a greater per<*.entage of iron than was at first recordod, 
and they suggest that the formula should be written (Mg,Fo)Tiilg. 
Tho analyses II to X indicate a passage to picroilmeiiite, the com- 
position of the latter being given under XI and XII. 

* Jhdl ami Iml i/nlv. Upk/fs, 1906 (fur 1901-5), 7, 27h 

z. J/m. 1906, No. 2, 69. Jlin, 1906, |4, 160. 
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I. 

IL 

III. 

IV. 

v. 

VI. 

VIL 

VII L 

IX. 

X. 

XI. 

XTT. 

TiOs .. 

63*77 

64*41 

64 78 

60*02 

60-87 

01 -00 

02-26 

03*94 

C4-03 

02*49 

57*04 

5ti 08 

FeO.... 

0*34 

5*44 

5 92 

0*81 

6*03 

7*79 

11-58 

10 09 

12*14 

10*70 

10*57 

24*40 

FegOs 

, 1*93 

2*77 

2*22 

G'SO 

5-69 

4*95 


0*25 

— 

8*54 

10*17 

5-43 

MgO ... 

. 28*50 

27*90 

27*90 

27*79 

27-29 

20*31 

20-03 

25*79 

24*00 

23*60 

15 56 

14'1S 


100*64 

100 52 

100*82 

100 42 

99-88 

100*65 

99*80 

300 07 

100*83 

100*33 

99 *94 

100*09 

Sp-’gr. 

-- 

3*97 

3*89 

3 79 

3-87 

3*90 

3*91 

4 01 

4*11 

4*01 

4*17 

4*25 


Glaserite, — Il» lias been maintained on tbe oce band that a double 
salt of potassium and sodium sulphate exists of tbe constant composi- 
tion Kg]Sra(S 04 ) 2 , so-called glaserite. On the other, it has been held 
that this name merely covers those members of the isomorphous series 
of mixed crystals formed by the two sulphates which contain a 
maximum of potassium sulphate. J. H. van’t Hoff and H. Barschall ^ 
have investigated this point and find no evidence in support “of the 
view that glaserite has a constant composition. 

Gyroliie, — This rare mineral has been observed by B. Hussak ^ i» 
the form of spherical aggregates composed of thin radial leaflets 
occurring in crevices in diabase at Mogy-guassii, Sao Paulo, Brazil. - 
The specific gravity is 2*409, and the mineral is uniaxial with negative 
double refraction. The composition is very similar to that of gyrolite 
from Skye, as shown by the following analysis of white material made 
by G. Florence : 

SiOo. AbOg. CaO. NaoO. KyO. H,jO. Total. 

52-77 0*73 33-04 0-35 0*41 12-58 99*88 

Under alumina is included a trace of ferric oxide. A dark green 
variety contained 7-36 per cent. FogOg-f- AlgOg and 0-32 per cent. MnO. 
We may note here that F. Cornu ^ identifies gyrolite frona tbe Hebrides, 
Faroe Islands, Greenland, Poonah, and Sao Paulo with the mineral 
described by Pelikan under tbe name zeopbyllite. 

Jl&Ilcmdiie has already been the subject of a preliminary notice by 
W, C. Brdgger, who has now published a full account based on the 
study of more than forty crystals. The mineral was found in a quarry 
opened in a pegmatite vein on the top of a small hill called 
Lindvikskollen near ICragerb, Norway. The crystals belong to the 
prismatic class of the monoclinic system, and are for the most part a 
good deal altered. The freshest consist of nut-brown material with 
vitreous lustre, others exhibit various shades of brown, while the most 
altered ones consist of a yellow to white earthy mass. The altex-ation, 
which is probably due to hydration, does not seem to have had any 
very great influence on the relative proportions of the constituents. 
The purest material had the specific gravity 3*67 to 3*70, that of the 
substance used for analysis II was 3^41 to 3*33. An analysis (I) by 
0. N. Heidenreich made on a small quantity of material has already 

1 mt physilml 1906, 56, 212. « Oenlr. Mm,, 190C, 330. 

» Cdiitr, Min., 1900, 79. ^ Zeit KrysL 3fin., 1900, 42, 417. 
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been published, II and III are due to L. Andersen- Aars ; the material 
used for III was highly altered : 



SiO^. 

A1,0,- 



Ce^Oj}. 

YoO,. 

EioOs- 

ThO.,. 

I. 

23 -.55 

10*22 

2*64 



40*12 


11. 

23*66 

10T2 

2*56 

5*91 

1*01 

19*29 

15*43 

0*62 

III. 

27 -83 

9*67 

2 01 

3*13 

0*37 

19*71 

13*26 

0*30 



C^aO. 

]\lgO. 

Na^O. 

K.U. 

HijO. 

Total. 



I. 

•10*05 

— 

0*26 

0-06 

7*55 

100*19 



IL 

9*81 

0*10 

0*23 

0*06 

1 1 *75 

100*55 



III. 

9*97 

0*13 

0*41 

13*09 

99*93 



Since some 6 per cent, of the water was expelled below 500° and the 
rest only at red heat, it seemed probable that about 5 per cent, 
was chemically combined. This was confirmed by an experiment on 
the freshest material, when 4 '8 6 per cent, of water was found. 
iLccepting this value as the true percentage of water, and assuming 
that the small quantities of potash and soda are due to felspar, the 
ratios (calculated from II) lU'O : HgO : : SiC).^ are very accurately 

2 : 3 : 3 : 4. The formula is therefore either of the type 

or of the type 0a2[Il'''(OH)]y[SiO4]4. Of these two possibilities, 
Brbgger is inclined to pi^efer the first on the ground of certain analogies 
which hellandite shows with guarinite, danburite, andahrsite, and 
topaz. Accepting this view, the compo.sition of the mineral may bo 
represented thus : 0!i.32[5 AlJj(Mn,Fe)]3[(Y,Kr,0e)(0lt).g]g[Si04]4. 

//ibsokiie , — Koference was made to this mineral last year. A 
detailed account of its properties and mode of occurrence has recently 
been published by F. Cornu. ’ 

IIuebneHCe^—hiivge black crystals from the Comstock mine, 
Lawrence County, South Dakota, were found by W. P. Iloaddou - to 
have the following composition : 

M'Og. MuO. F^. CaO. Total. 

75*12 20-54 3*01 1*04 09*71 

JadeiU and A'^ephrite - — Some very valuable cotutributions i(» our 
knowledge of these two minerals are to be found in the montummial 
treatise entitled “Investigations and Studios in Jade/^^ issued by the 
executors of Beginald Heber Bishop. In two vast volumes, each 
weighing about sixty pounds, are embodied the results of a series of 
studies by leading American experts of the specimens contained in the 
great Bishop collection now preserved in New York. The mineralogical 
portion has been edited by (h F. Kunz, and ho has had assistance 
of y. L. Poniiekl, F. W. Clarke, J. K Iddings, il Pahu*ho, L. V, 
Pirrson, and others. On breaking up a specimen of jadtuto, which 

J Tmh, Min. MUi,, 1906, 2S, 24i). « /Vo<*. CUamh S&c., l9Ch», S, 174. 

. ^ Privakhj prlHlvdi Nvw Yoik, 1906. 
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probably came from Tibet, two small crystals were found. These 
closely resembled angite in shape, and enabled Penfield to determine the 
crystallographic constants of the mineral. He found aihzc — 
1*103 : 1 : 0-613 ; /3=72°4^J'. The cleavage angle was 92°58'. The 
extinction angle measured on (010) was 34° and the optic axis angle 
70°, one axis being nearly parallel to the Z axis of the crystal. This 
specimen had the following composition : 

SiOs. AI2O3. Fe^Oa. MgO. CaO. Ha^O. K^O. H2O. ‘Total. Sp. gr. 

68-80 25-37 0-33 0*25 0*58 14*65 0*05 0*14 100*17 3-3369 

In all, fifty-eight analyses of the two minerals are giv^en, and, with 
two exceptions, these were made by P. T. Walden and H. W. Foote. 
In his discussion of the formulae to be assigned to these minerals," 
P. W. Clarke adv^ances arguments in support of the view that the 
molecxxles of the pyroxenes are more complex than those of the 
amphiboles, and that jadeite must be represented as ISTagAl^SiigOgg. 
Further, he holds that it is not to be regarded as a metasilicate, but as 
a mixture of an orthosilicate and a trisilicate. At the conclusion of a 
paragraph devoted to a discussion of the origin of jadeite considered as 
a rock, Pirrson says jadeite is a metamorphosed igneous rock, a 
member of the phonolite family. The white varieties are probably 
metamorphosed dikes of the aplitic, leucocratic type, belonging in this 
family and the darker green types those containing more iron-bearing 
dark silicates, like tinguaites.’^ The mean value of the specific gravity 
of all the nephrite specimens was 2*9505 ; that of the jadeites, including 
some chloromelanites, was 3*3202. 

Janosite . — The existence of this mineral as a separate species has 
been denied by E. Weinschenk,^ who on the ground of its optical 
properties has identified it with copiapite. H. Bbckh and K. Emszt, 
the discoverers of janosite, have, however, reiterated their belief in its 
individuality, laying special stress on its specific gravity and chemical 
composition. In his reply Weinschenk states that a comparison of 
janosite with specimens of copiapite recently received from Oopiapo 
fully confirms his previous conclusion. .Further, a specimen of janosite 
supplied by Bbckh was found to contain 30*80 percent. FegOg and to 
have a specific gravity 2*17, the corresponding values found for 
copiapite being 31*09 and 2 T9 respectively. 

JameBoniU . — Imperfect crystals occurring in quartz veins at 
^eridan, Bennington Oou&ty, South Dakota, have been analysed by 
W. B. Headden.® The percentages found are in tolerable harmony 
v^ith those required for the ordinarily accepted formula, BBbS^Bbg-Sg ; 

S. Sb. Pb. C\i. Zn. • Co. Insvl. 'Total. Sp. gr. 

18*00 26-00 51 T6 1-30 0*24 0*06 trace 1T3 99*7fi 6-ai304 

^ Ann. liepoH, 1006 , 279 ; Mid, Kmmvy, 1906 , 36 , 224 , 228 , 859 . 
a Free, Colorado SH, Boo., 1906, 8, 174. 

VGL. III. , Y 
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Malacon. — A specimen of ibis miiieml examined by E, S. Kitcbin 
and W. G. Winterson ^ proved to be distinctly radioactive and to 
contain argon. Taking the radioactivity of uranium oxide as unity, 
that of tbe malacon is 0’016L This value is muck greater than can 
be accounted for by tbe uranium present in tbe mineral. After 
decomposition tbe radioactivity is entirely associated with tbe 
zirconium dioxide. On fusion with potassium hydrogen sulphate, 
100 grams of malacon gave 3T’91 c.c. of gas, consisting of SS*24 c.c. 
of cai^bon dioxide, 2*82 c.c. of argon, 0*94 c.c. of helium, 0^57 c.c.' of 
hydrogen, and 0'34 c.c. of nitrogen. The specific gravity is 3*908, 
rising to 4*232 after heating. The complete analysis is as follows : 

ZrOg. SiOa. FegOg. MgO. CaO. UsOg. (Y,Ce),Os* 

67-78 22*63 4*93 0'70 0*41 0*33 0*09 1*84 

If the other constituents are neglected, and zirconia and silica calcu- 
lated to 100, the percentages obtained agree well with those required 
for the formula ZfgSijOjo. The analytical results difier a good deal 
from those previously recorded for the substance, and from which the 
formula 3(Zr02,Si02),H2^0 has been derived. 

Memghinite . — -A fibrous mineral found in the Gorham claim near 
Kochford, Pennington County, South Dakota, has been analysed by 
W. P. Headden.^ The ratios obtained are only approximate, but 
show that the probable formula is iPbEySb^Sg : 

S. 8b. Vh. InicL Total, 

17-51 18*20 ■ 62*86: , 0*86 . 0*49 . 99*91 > 6*21 

Traces of A.s, Bi, jOd, and Fe are also present. 

jUfmgite. — T. Wada® has published some important fresh information 
about this mineral. He states that a crystallographic examination by 
Takimoto has shown that in habit and angles the mineral is closely 
related to zircon, whilst Haga has found that it contains a large 
quantity of zirconia, a constituent previously overlooked, probably 
owing to some imperfection in the methods of separation employed. 
Haga’s analysis is as follows ; 

ZrOa. TliOt. SiOa* (NbTalaOg. UO^. YgOg. Total. Bp, gr. 

65*80 6*01 20‘58 7‘69 8*03 9*12 100*78 4*091 

— IJndw this'naiue there was described, a few years ago, 
’a mneral from Britannia mine, Zeehan, Tasmania, which was 
supposed 'te b'e a new. oxychloride of lead. 'A, careful re-examination 
of this substance riwntly made by C. Anderson * has proved that it Is 
merely a vari#y of mimetite. 

1 1906, 8^, 1668. ' ^ » Pw. Qmrado, .?«/. 1906, E, 174. 

, ' ' a Min, Japan^ 1906, He, E, 28* 

' ^ 1906, E, 188. 
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litchhl&nde. The pitchblende from which ruthei'fordine is derived 
(see p. 310) is 20 per cent, more radioactive than that from Joachims- 
thal, and has been shown by W. Marckwald^ to have the following 
composition : 

UA. Pbo. CaO. I’oO. SiOa- H^O + COa. Gangiio. 

37*7 7*6 2*1 I'O 0'3 0’5 0*2 

MumhogummiU,---l^u Hussak^ has published the following analysis 
by G. Florence of a mineral found in the form of pebbles, favas ” in 
the .diamond sands of Brazil : 


SiOg. RbO. 

0*70 35*60 


CaO. CeO. 

0*62 0*1C 


RPs. 

24*02 22*60 


Hp. 
1(5 -SC 


The corresponding formula, 2(Pb,Ca)O,3Al2O3,2P2O5,10E2O, is noar to 
that of plumbogummite, although it contains 3 molecules more water. 

PyrochToitQ. ihis rare mineral occurs at LS<ngban in prisms and 
needles with a distinct basal cleavage. The following analysis, given 
by H. Sjbgren,® agrees with the formula Mn(OH)y : 

MnO. PoO. OaO. M^O. HP. Sp.gr. 

77*3 0*4 trace 1*7 20*9 3*2436 

— J, G. Kbnigsbergor and W.J. Muller^ have studied the 
liquid inclusions in quartz crystals from the biotite-protogine of the Aar 
district. They find that for these crystals there is a constant relation 
between the volume of the liquid and the volume of tho gas in a cavity, 
a fa<*t first observed by Borby. On heating at From 200” to 230"' tho 
bubbles disappear, tho liquid expanding to fill the cavity. They con- 
clude that the included matter represents a homogeneous portion of 
the liquid phase. Its composition in the case of a specimen from 
the Bachistock appears to be as follows : 


IlaO. COjj. Ka. K. Li. Oa. OL SO., (30., 

83*4 9*6 2*0 0*7 0*2 ? 0*3 HG 0*6 1*8 

M. Berthelot^'^ has found that crystals of amethyst from Brazil 
decolorised by boating to 300"^ regain their original tint on exposing 
them lor a few weeks to the action of radium chloride. He attributes 
this change to the reoxidation of traces of manganese present, and 
suggests that the colour of amethyst and other minerals may bo due 
to the action of radioactive substances. On heating smoky quartz 
and green fiuor spar, petroleum is driven off, and in theie cases the 
colour is due to organic matter. . 

Mfmdmhro$iu, — Small rhombohedra {100} of this mineral have been 

* Q 0 nir, Min,, 1906, 761. a 25, 385. 

GmL Mtm. JStmkhuim MrkandL, 27 , 37 . ■* (Jmir, Min., 190 CL 72 . 

» dmtpl rgnd*^ 1906, 14^, 477. 


2 
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found at S. Barthelemy, Yal d’ Aosta, by Millosevich.^ The cleavage 
angle is 73°i0^ and the composition as follows : 

MiiO. PeO. CaO. JilgO. 00. (difF.). 

5t)-00 2*04 3-33 trace 38*63 

Each Salt . — The blue colour observed in certain specimens of rock 
salt has been the subject of much experiment and speculation in recent 
years. As pointed out in a paper by F. Focko and J. Bruckmoser,- the 
explanations offered fall under three main headings. In the first place, 
it is held that the phenomenon is a purely physical one due to the pre- 
sence of very minute fissures, secondly we have the view that it is due 
to the presence of some inorganic colouring matter such as the sub- 
chloride of sodium or a compound of iron, and lastly that it is caused 
by organic material. It has, however, been shown that the blue colour 
can be produced by exposing salt to the action of cathode rays or by 
heating it with metallic sodium, and the opinion is now widely held 
that the colour is due to the presence of subchloridc or of metallic 
sodium. Though the latter view does not commend itself to Ifocke and 
Brucknioser or to E. Pieszczek,^ who has found a deficiency of chlorine 
amounting to as much as 0*4 per cent, in the blue portions, it ha.s 
received strong support from the work of LC. Biedentopf.*^ This author 
investigated specimens of salt, coloured blue by the action of sodium 
vapour wnth the aid of the ultra-microscope and believes that he has 
demonstrated the presence of metallic sodium deposited in ultra micro- 
scopic fissures in the salt. These particles of sodium may possibly be 
covered by a very thin or molecular '' cooling of subchloride which 
protects them from the action of reagents such as chloriiic. lie thinks 
that sine© rock salt strongly absorbs Bec(pU‘rel rays the blue colour of 
the mineral may perhaps bo duo to the sodium producetl hy the cumula- 
tive effect of the radiation absorbed during long periods of tinn*. 

The gases included in certain specimens of salt from Koumania havi* 
been the subject of an interesting investigation by N. (joKtat'hescu.'’ 
The gases were extracted either by dissolving the salt in well boiled 
water or by pulverising it under mercury. The composition of the 
gases was found to vary a good deal with the method of extraction 
employed, but the following jKnnts appear* to be established. In the 
first place the^ quantity of gas contained in a given weight of salt varies 
greatly, but there is no relation botvvetm the <pjantity of gas evolveti 
and the solid impurities in the salt. Becondly, as regards the nature of 
the gases given off, the specumens examined fall into two grottps, those 
in which hydrocarbons arc predominant and those which yield little else 

^ jiUl IL Acead. 1906, [r] 15, i, 31 7. 

Min. 1900, 25, 43. Phatm. 5L 700. 

** Fhyf^. ZeiLi 1905, 6, 8 5. ^ Ann. Nr/. C/tu'e. ROUth 4, 3. 
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but nitrogen, a gas which is invariably present. Oxygen is also always 
found, but in smaller proportion than the nitrogen and there is no con- 
stant relation between the quantities of these two elements. Carbon 
dioxide is either absent or occurs in very small quantities. Argon 
could not be detected. Methane is almost always present, but the 
higher hydrocarbons appear to be absent. To account for these facts 
the author suggests that the gases have been derived mainly from the 
decomposition of the microscopic fauna of the lagoon in which the 
deposits were laid down, and to but a limited extent from the atmos- 
phere through the medium of the solvent. The absence of carbon di- 
oxide and argon can be explained in this way, bub it is difficult to 
account satisfactorily for the oxygen always observed. 

/SbrcoK^e.—Bpecimens of this mineral fi’om Vesuvius have been sub- 
mitted to a careful crystallographic and optical examination by 
A. Pauly.* Two pure crystals were used for analysis : 

SiOa, AlaO;j. GaO. MgO. Ka.jO, K.,p. Total. Rp. gv. 

39-34 21-63 83-70 0-3() i'h traces 99-4r> 27 

Scheelite. — The crystals fi*om Traversella have been measured 
by L. Colomba ^ -who moreover has analysed specimens of different 
colours in order to test Tranbe’s hypothesis that the ratio a : o varies 
with tho amount of molybdic a.cid present. His results are as 
follows : 


T. 

OoluiirleMK crystul.H 

VO;,. 

77-03 

MoO.,. 

3-1,6 

(5aO. 

10-73 

MgO. 

99*91 

re : c. 

1 -5898 

Tl. 

UiHlIi.sh-laowu (Crystals 

77-36 

‘2 -4 6 

18-33 

V(57 

n9».si — 

11 h 

(hveinsh-binwii ,, 

73 -75 

1-47 

1 0 -23 

0*56 

100-00 

1-535-2 

IV. 

Orange „ 

79*68 

0*72 

19*43 

tratjo 

1)9-83 


Since tho mean value of c calculated from measurements of crystals 
of tho composition given under 1 and TIE f.'tlls about midway l)etwcen 
those accepted by Tratibe for pure scheolil-o and pure calcium molybdate 
rc^spectivcly, this work affords no confirmation of tho view that a 
rog\dar variation takes place. 

ATffeu’fe.'— Minute crystals from hb'ostburg, Many land, have boioi 
sliotvnby W. T. Hchaller'* to be })m-o ferrous <*.arbonn,tc. An analysis 
made on 0*1 gram of carefully selected msitorial gave 52*01 pin* cent, 
of iron {<*alc, 52*07 per cent,). MnO, OaO, and IVlgO were provotl k> 
he absent. A number of moasnroinents of the <jrystals wore ma<lc for 
tho purpose of dtdluiug accurately tlui raf,i<i ft > : c f<u*p!irc sidcritc. Tlie 
moan value dinluced is 0*82*11. This corresponds i.o a cleavago 
angle rr' 7S*kl>*6' and differs considerably from that hitherto adcqitod 
for the mineral, namely, 0*8184 1, rr* - • 73“0h 

Cvnlt. Min,, inCJtJ, 2^1 “ J//i JL £inm\ 1906, fvj, 15, I 2H1. 

« Jnv:r. J, ,SV-n, 1906, (ivj, 21, 564, 
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/Stibioiantalite . — This very rare mineral was originally described by 
G. A. Goyder as occurring in water-worn fragments at Greenbushes, 
Western Australia. Crystals have been discovered in recent years at 
Mesa Grande, San Diego County, California, associatediwith tourmaline, 
pink beryl, quartz, orthoclase, and lepidolite, and have been the sub- 
ject of an exhaustive investigation by S, D. Penlleld ^ and W. E. ¥'ord. 
The mineral is an isomorphoxrs mixture of (Sb0).jCb20g and(Sb0)^Ta20jp 
and has a specific gravity varying from 5*98 to 7 ‘37, depending on the 
relative proportions of columbium and tantalum present, and diminish- 
ing'as the amount of the latter decreases. It crystallises in the homi- 
morphic class of the orthorhombic system, though owing to iwimiiug the 
crystals simulate holohedral symmetry. In axial ratio and habit it 
shows relations with columbite. Owing to its yellow colour, high 
index of refraction, and good cleavage it might be niistakon for blonde. 
In the following table I is the original analysis of the Australian 
mineral, J1 and III are each the means of two coiKun’dant annlysos 
made on separate crystals of the Mesa Grande material, 

(Ta,01.)A- ^8K/:b. IU./V NiO. H.p. Total. Sp. gr. 

L r>a*09 40 -a:! 0*8‘i 0-08 0-08 90 -OO 7 SI? 

TT. r>r)S’>8 41 ‘if) OS33 — -- 99-92 0-?2 

■ 111. 50-30 49-28 0*53 — — lOO'U 5-98 

Tapiolite. — A group of distorted (uystals found by W, P. Hcadtlon'^ 
in granite near Custer City, Soutli Dakota, %vcre shown by S. L. Peixticld 
to bo tetragonal pyramids {111} with small {201} planes. Two 
analyses were made : 



FoO. 


VKP^. 

WOa. 

8iiO.. 

{hsKiterilo. 

Ttisel. Tond, 

I. 

10*85 

78*61 

4 *29 

0*11 

0-07* 

0*31 

100-24 

H. 

15*60 

78-58 

3 -DO 

0 -59 


1“29 99 '96 


Traces of TiO^ wore found in analysis I and there is reason to beliovo 
that FoO is too high. Tlui formula is FoTa^O,., a. portion the tantalum 
being replaced by columbium and taken in conjuiuttion with tluf iawHlal- 
lographio charn,ctors shows that the substance is fettpioliio, Thtf spe<af|{s 
gi*a,vity 7*2185 is low for a conipouml couiaining so little (udumhic 
acid. This point is discussed by lleadden, who finds himself unable to 
explain it. 

Teirahedrite, — Tn the coni*«e of a descripiioix of thi^ nunes am! 
minerals of the Val do Ville (Weilorthal), Alsace, Gngcmaclr^ has 
given the results of an elaborate caystallographic investigntinu of the 
beautiful cryvstals of tetrahedi'ite found at Ihe Hylvestw mine. Two 
difiWent typos of crystals can be readily distinguisluHl. Gnu (analysis 
1, below), ricdi in ai\seni<5 but poor in silver, is met with in the upper 
portions of tlio veins; the other, found at greater depths, is ri<'h in 
silver and peer in arsenic (analysis If), 

^ ..4wu!r. «/. Nr/,, 190B, [iv], 22, 01. * Prvi\ (Wtmnh XV?. XW., l*9Ji), 8, 177, 

Sail, Jilin, j 1900, 29, 194, 
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The comparatively large quantities of Zn and Bi pi’esent are some- 
v^hat remarkable, and the author is inclined to believe that they are 
due to the presence of native bismuth and of zinc blende. Be this as 
it may, if the formula is calculated omitting zinc, it is found that 
the ratio K'-'S : is 3*07 : 1 for I and 3*21 : 1 for II. 

The variety of tetrahedrite previously described under the names 
coppite and frigidite has been examined by E. Manassed Three 
specimens were analysed. The results, which are given below, analyses 
III, IV, and V, are in harmony with a formula of the type 
3R'2S,B"'2S8 + 

Traces of tin were found in IT and T. 



Ou. 

Ag. 

Pb. 

Fe. 

Zn. 

NI. 

As. 

SI). 

Bi. 

S. 

Total. Sp.gr, 

L 

38-15 

trace 

0-53 

3-77 

5-05 

— 

6-75 

17-47 

1-63 

25-58 

98-D3 

4-82 

II. 

34*15 

6-94 

— 

3-79 

4-86 

— 

1-21 

25-24 

— 

25*22 

100-41 

5-10 

III. 

37-42 

— 

traoti 

6-60 

1-72 

0-23 

trace 

29-28 

— . 

25-70 

100'95 

— 

lY, 

37 


tra<iO 

G-01 

1-98 

0-14 

trace 

29-54 

— 

25-48 

100-69 



V. 

30-04 

-- 

0-26 

9-83 

0-59 

3-46 

1-50 

28-82 

— 

24-48 

98-98 

— 


Thurhigite. — F. Kretschmer ^ has published further details as to 
the occurrence of this mineral at Gobitschau, and has given three new 
analyses. 

Thorianite , — Tu a paper published last year, AV. It. Dimstan and 
G. S. Blake suggested tiiat the intimate association of theria with 
oxides of uranium might bo a ‘case of isoniorphous mixture. Hhis view 
has been confirmed by a series of analyses of thorianite from the 
Galie district of Ceylon, recently published by W. U. Dunstan and 
B. hi. Jones.'' ''riunr I'csults show that the pi’oportion of the two 
oxides present in the miiuiral may vary considerably, as can bo seen 
on compai'ing columns I to TJI of the following table. I gives the 
composition of small crystals from Ilinidumpattu, Gallo District; 
tl to VI that of largo lumps from the same localit.y, II, III and IV 
being difTerent portions of the same crystal ; VU is an analysis of a 
large crystal of the ordinary variety from Baltingtnla,. All tlio speci- 
mens contained helium and carbon dioxido. Tiie radio-activity of 
specimen I was compared by E. J, Strutt witli that of the niinoral 
the composition of which was given last year and found to bo MG 
times as great. Column Till contains some detenninationH of iiu^ 
more important constituents of thorianite madt3 hy B. H. Buchner'^ in 
Hir W. liamsay's laiioratory in the course of Jiu investigath'm into the 
distrilmiion of the radioactivity among the constituent h id the inima’al. 
In addition to the elmmmts enumerated, small (|nautit.ies of copper, 
tin, antimony, bismuth {?), aluminium, titanium, and zirconium were 
estimated, and traces of mercury, arsenic (j), t*adnunm {!) and plies- 

* Matt. 7\ihr. SrL iVitL, UHiU, 22, H\, ’*5 Min., lltHt 301). 

Prmu ,S'a%;jUaO, 77, J, ... Ihid,, 78, A, ts:*, 
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phoriis observed. One gram of the mineral yielded 8*2 c.c. of helium. 
The radioactivity m associated almost entirely with tlie poition of the 
mineral so1u])1g iii nitric acid. 



T. 

IT. 

HI. 

lY. 

V. 

VI. 

TIL 

TUL 

qqiO.> 

58* 8 4 

G2‘Ta \ 
i*a-i j 

{>f>'S2 

f ^ 

02*32 

03 -30 

78-98 

1*47 

70*90 

1*90 

(Ct\La,l)i).,<,.L 

()\Sr> 


2*24 

1*10 

UO., ) 

no; / 

32*74 

r 10-;52 \ 
(IS’SSJ 

28*24 

28*68 

27*02 

27*99 

13*40 

]3*12« 

PbO 

2-r.n 

2*29 

2*20 

2*50 

2*09 

2 ’90 

2*54 

2*42 

Fo/b 

1 *31 

1*11 

1 *22 

2*43 

2*28 

3 *27 

0-87 

2*05 

dab 

o-ia 

0*59 

o*ru 

0*f>0 

0-85 

0*91 

0*3 3 

ri..o 

1*20 

1 *07' 

3-00 


2*10 

3 *32 

3 '28 

3*20 

insoL ia lINC tj 

0*45 

0*77 

O'faj 

0'54 

0*87 

0*77 

0-47 

— 


■!* 

XT.Oh. 






Zainboniui * called 

attention last year to 

the un satis- 


factory st.aio of our knowledge of the composition of titanite. He has 
recent.ly ret.nrned t.o this question, and has pointed out that the com- 
posiiio!i of spociincns containing- tcrvalent (dements is better expi’cssed 
by Ulonisirand’s formula, 2(rvj"H.;'‘'<)^,Ti( >)0,Si( U, than by that due to 
(b-oih, who r(‘ga.rds smdi taiunites as consisting of isomorphous 
miKtiUn*a of (taTiSiO.. and l>lomstra.iurs formula represents 

titauitc as containing titanyl, TiO, jdaying the part of a tiation thus, 
aluminium, iron, yttrium, and cerium entering the 
mohnuih; in the bivahmt grouping .As, howasver, recent work 

on {it-animm zircijnium, and tin has shown that thc'se elements readily 
form couiph'S anions, Xuuhonini thinks that it %vill be mor<‘ in 
harmony with what is known of the general cdieniical character of 
ttiijuuuni if it- is regtirded as playing a similar part in titanite. He 
therefon' proposes to modify Blomst ra udks formula in this simse, a,nd 
reganls tdu^ mineral ns the calcium salt of a com|di‘.\* silitadit uni(t a<dd 
d,. 'fhe tervalent- (d(»ments coder the moletmle ns two uni- 
vahmi groupings rcqdacing '!’i<h 

7 a‘olit-<'s whicdi occur in i.hci amygdaloidal basalt of 
Ua* Didairoa plaioa.u, Kritn*a, have benm thwribcMl by M hlanasse." 
Tw’o sptH'imtms of f/ac/ds^/h! had a compositaon agrec^ing with the 
formnhi t Analyses 1 and IL < h^yst als of 
measured by H’Aeldnrdi, agreial approximately with the formula 
1 1 All,/), Analysis lit. Thc^ loss of walcu* jil various 
iemperaturcrt and its reahsorption cm .standing in moist air wawe 
studied in the caw‘ of both mincTals. 

K. Manassi*’*^ has also re caxamim‘d tins mineral from Monf(‘caiini 
fermcnl by Metmghiniand A. J)b*\chiardi, and iia,N come 

io file roiudnsion that it is i/itiinmnite, 'fhe im‘an coiaposition dcudved 
from two concordant analyses is given undem I V below. Associated with 

j A,‘r>HL Abav/, luos, hb tB, h *..nd. 

iV*#*, iVit, Aec. *SV|. .Ve/, , {UOU, ilA. 


//o'd., 'iO. 
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this substance is another called sloanite by Menegbini. This appears 


to be identical with natroliie. 

SiOg. AlA- BaO. 

Analysis Y. 

MgO. KoO. 

FagO. 

IbO. 

Total. 

I. 

48*35 

19*47 

8*77 

0-20 

trace 

1'05 

22*13 

99*97 

H. 

46*69 

20*27 

9*72 

— 

trace 

0-96 

22*80 

100*44 

III. 

52*84 

ti-ace 

24*46 

— 

5'42 

trace 

16*48 

99*20 

IV. 

36*90 

31*36 

14*48 

0-33 

0'6.5 

S'81 

13*59 

101*12 

V. 

46*49 

25*47 

1*10 

trace 

trace 

17*05 

9*76 

99*87 

VI. 

65*21 

11*20 

3 '77 

trace 

0-07 

14*22 

100*47 


G. B’Achiardi ^ has referred to ptilolitey a mineral from San Piero in 
Campo, Elba, which has the composition given under YI, and has 
suggested that the mineral called hydrocastorite is possibly identical 
with a pulverulent form of containing small quantities of lithium, 

which he has found at the same locality. He has also given some 
further account of the zeolite which was mentioned last year as pro- 
bably constituting a new species.^ 

J^oisite , — Striated prisms associated %vith prohnite have been found 
at the Trace mine, Juarez district, Lower California. Tho optical 
characters have been studied by O. C. Earr’ington,^ and the mineral 
has been analysed by II. W. Nichols. Analysis 3 l>olow. 

The numbers obtained agree well with the formula IF^Ca^A 1^.81^^027, 
which is that tisually accepted for zoisito with tho addition of one 
molectilo of water. There is good evidence for bolioving that in this 
case the extra molecule of water is a primary constituent of the 
mineral, atid not the result of alteration, and the authors quote other 
similar instances. Tracies of K and Na were also present. 

Axialysis II, which agrees with tho ordinary formula, was made by 
E. Manasse,'^ on a specimen from Alonio Corchia, Alpi Apiutno. 

HiOn. ALA- MiiO. OaO. Wj-0. H,0. Total. 

I. 211 T>0 4 'HO 0'.H5 22'71 91**90 

IX. 20’.S8 7‘90 2At35 — 2'tJ7 99 'HO 

EiulioiteilvUy of Mimrah, 

The radioactivity of minerals t*untaining thorium has occupied tho 
aiUmtitui of several workers. 

B. B. Boltwood has examinet! thorianii<‘, thorib^, oraiigiie, and 
monazibs containing 78'8, 52, 51*1, and 4‘dC) per cent, of TldX, re-- 
spectividy. He has found tha.t tho activity of one gro.iu of thoria whm 
practically the same in each of tho four inineral«, lie believ4*K that 
his results <‘onhrm the view that radio- thorium is a disiut.egratiim 

* Mrm, T(m\ Stu\ 1900. 22. ’’ Jaa. hVjHwi, 11*95, 2K2. 

'* Fit id (Ffiimintin Mas. 112; (/fuL 2, "No, 4, 55, 

/Vw% Wrk F*t. Tttsr, AV/, Y///., rkhi, 15, 20. 

J. FeJ,, 19I9L |h'j, 2h 115. 
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product of thorium, but tliat they tlo not lend any support to the 
idea that the activity of thorium in «a mineral doponds on the amount 
of nraniunx present. On the otliex’ hand, the available data point to 
Ihe conclusion that the f|uaniity of actinium in a radioactive mineral 
is proportional to the uranium pi'esont. Hiinilar conclusions as to the 
proportionality existing between the activity of thorium minerals and 
tiheir thorium content have been arrived at by IT. j\r. l)a<loiunan ^ and 
by IL H. McCoy and W. 11. Boss/^ 

Ifinding reason to stispcct that their former estimate of the amount 
of radium associated wii-h a given <jnantiity of uranium in a xuinex’al 
was too high, hi Buiheuford and B. B. Boltwood have repeated tho 
estimation. They now find that appi’oximately .‘18 x10"* 7 gi*ams of 
radium are associated wit h I gram of uraunum, a result about half that 
previously olxiained. They ixuut emt that a ton of Of) per cent, 
uronium ore would carry i*adium (Mpuva.leni io about 0*35 gi’aiii of 
radium bromide. 


/Special Jisaatioas of A finer a h\ 

Cornu has examijicd and tabulated the ludiavionr of a largo 
number of minerals wlnm finely powdtaaal, moistened, and brought in 
c<mtactt with ncuiral litmus paper. He fouls that all the mitierals of 
Die kaolin and pyrophyllite groups .show aci<l ri*action, and that the 
sa.nuM’s tnujof t^pah On the olhm* hand, olivine, mcsolile, and tale react 
alkaline. 1'he .sanu^ writer'’ bases aiuethoil of distinguishing between 
ralciie and dolomile on tiu^ India viour of th<*Ke suhstaiu’es towaxals 
water containing pheiudphthalein. (hi shaking i}u^ solution with fmoty- 
divitlcil cnliuUi a. <lut’k nd eolour is produced, wliilst' dolomitt* gives 
merely a faint red tinge. V. Cohls<duuidt '* has called attention to 
tlu» ease with which a numher of mintu'uls cun be dcicrmimnl by 
finding the los.s of weight they snlBw on ignition. Kxpenmeiit.s made 
nndiU* his direction by V, Hermann on a number of y.eolitcs show that 
these substances I'an be x'apidly identified by heating quant it ies of 
from 30 to iOO luilligrams in a platinum sjmon over a spirit lamp. 


Afeteoritea, 

11ie ciunposiiion of a number of mctcoriU^s has been examined 
tluring ihi» past^ year. Among iiicse wo may notice the following : 

f oaort iJiahio," - A Hi'piarian nodule found in this meteorite ha.s laam 
studied by W. Ta.ssiud Tho .sepia an* metallk* and Hke the mass of 

^ ./. s>u„ Lena, |ivj. 2h 427. * /tiV,, ‘taa. /t/*/., u»of», 22, b 

^ Mi. Mit,. Miff,, uaiu, 24 , ‘Ur. .i/on, baa;, ‘ 

dc/oA lilOU, i, HI. '» i*iw, / bV. iVcO Mun.t No, |4H7. 
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the iron. The interseptal portions are made up of crystalline graphitic 
and amorphous carbon mixed with troilite. A lustrous metallic 
substance consisting mainly of iron (8S‘8 per cent.), but containing 
nickel, silicon, carbon, phosphorus, and a trace of cobalt, is also 
present. 

Coon Butte , — This aerolite was discovered in .1905 by D. M. Barringer 
near Coon Butte, Coconino County, Arizona. There is some evidence 
to show that its fall was observed in January, 1904. Its general 
appearance and the results of an optical examination made by G, P. 
Merrill suggest affinities with the meteorites from Ness County, 
Kansas, or with the Pultiisk meteorite. J . W. Mallet ^ has found 
that it consists mainly of enstatite and olivine, but it also contains 
maskelynite*and nickel-iron. The composition of all these constituents 
has been ascertained, and traces of tin and copper found ixi the last. 

Estacado . — An aex'olite fell in 1882 near Estacado, on the staked 
plains of north-western Texas. It has been investigated by J. M. 
Davison, 2 who has determined the composition of the metallic portion, 
which amoixnts to 16*41 per cent., and of tho stony i natter, which 
appears to he mainly olivine and enstatite. 

Kangra Valley , — An aerolite which is I'eported to have been seen to 
fall in the Kangra Valley, Noi'thorn Punjaiib, has been described by 
W. N. Hartley.^ The specimen, which weiglus 350 grams, appears to 
consists of a crystalline ground mass of on.statite and olivine, through 
which are scattex'cd numerous xnetallic grains. A spectroscopic 
(^xa,mination of the xiietallic portion showed tlie px*osonce of l^o, Ni, Co, 
Cr, with small (plant ities of Cu, Ag, Pb, and Ca. Traces of Mn, Ca, 
K, and Na were also detected. Ua and Mg are the principal con- 
stituents of the siliceous portion, accompanied by minute cpuuitities of 
Fe, Ni, Gr, (la, Hr, Pb, Ag, Mn, K, a,nd Na. 

KodaihrnaL — A new silicate, weinbcrgexdte, has l>(*en discovered by 
E. Bor worth in this nxoteorite (see page 310). 

^fodoc , — A fall of meteoiutcs took place on the night of S(*pioiuber 
2, 1905, iii the vicinity of Modoc, a small town in Hcolt Bounty, 
Kansas, Eourtcen specimens, mostly complete individuals, have lamn 
1*0(50 v(,a*ed, and tho hugest of these, weighing 4'64 kilos, now in the 
possession of the U.B. National Museum, has been desmhod by G. F. 
Merrill,'*' Under tho micxmcopo it is soon to consist eKsoniially of 
olivine and ensiatito, with blebs of metalli(! iron and troilite. It 
belongs to Brt'zinsFs group of veined choiidritic meti»oritc*H. Analystjs 
of th(5 jnetallic portion and of tho soluble and insoluble silicates have 
been made by W. Tassin. 

* Amtr, J, lOOtJ, liv], 21, iMT. //uV., lU ; 22, 
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Shelburne . — A second stone of tlais fall has been described by 0. C. 
Fanington."^ 

South Jkml. — 0. O. Farrington^ has also examined a pallasite 
weighing 51 lb, found in 1893 near South Bend, St. Joseph County, 
Indiana, and refers it to the Imilac group. The ratio of niekel-ix^on 
to chrysolite is Sl'-t to 78'6. 

In conclusion, it should be noted that a great deal of interesting 
information regarding Japanese meteorites has been brought together 
by Jimlr" “ 

A. J-Tutcuunson, 

’ Jh'dti ffi/hnub, A/A., 109 ; AVr., 3, 2, 

In'i! rdije z. Mitu lOOtt, Ni>. 2, 20. 



EADIOACTIVITY. 


The year’s work has been notable for the very large number of 
important investigations, with interesting theoretical bearings, but 
chiefly concerned with points of detail rather than with any great 
general extension of the boundaries of the subject. Itadioactivity at 
the present time resembles somewhat the science of organic chemistry 
in its early days, both in its bewildering wealth of detail and 
in the opportunities it affords for the crucial examination 
of theoretical predictions. On this account, however, it becomes 
increasingly ditKcult to give any connected account of i.he progress 
made. The various investigations in different parts of the subject 
arc so elo.sely interconnected that they cannot well be separated into 
distinct sections, and some latitude in the order in which th(=! subjects 
are taken must be allowed. It is impossible to draw a distinctioix 
between researches which are more nearly physical and those which 
are main® of chemical interest, for it seems that the more clearly an 
investigaHon falls under the one head the more surely does it become 
indispensable to the other side of the subject. Thus the electro- 
chemical researches, particularly of von Lerch, on the separation of 
succeH.sive disintegxution products are indispcuisable to physicists in 
the analysis of the complex radiations, and the determination of the 
physical constants of eatdi type of radiation sejHirsitely. Bragg’s 
work on the ionisation ranges of the a-rays, dealt with at lengtrh lust 
year,^ has dcvelopcal this year in the hands of Itahn into n mctliod of 
analysis of twt^ successive products hitherto regarded as single, and 
which so far chemical methods have proved powerless to separate. 
Hutherford’s flnal results, to be considereil at length, on tlic couvstants 
of the tt*purticle, tiireaten to raise again the problem of the atomic 
weights tif the inert gases, and the validity of the theoretical grounds 
mi which the aecaipicd values are based, whilst Bragg’s xxmthod of 
ionisation ranges, 'as ahmdy indicated, aflWds a novel and iiKlependent 
method of determining the atomic weight of gases. In the wealth of 
information concerning the properties of each of the new separate 
disiniegratimx products, now become too numerous ahia»st to remember, 
no iiefcaii is too unijuportanL to he <lealt with, for at any nmment sojue 

* Attn* 21X0, 
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KiH'h appareni.ly trivial iiriy furiush a clue to ike laws uiulerlying 
ike ai’kitrary juuI luysterinus courses along wkiek ike tk^vohkion of 
inaitcr is procctMling i)cfore our eyt»s. Already it is bcwiniiig 
inerca, singly cvitWut that is fauiiliar method in ike apparent 

madness, and in the st, range resemklauces and analogies hotween ike 
smuH'ssive niemkers from tlilTiU'eui. parent elomenis we iiavts a new and 
varied pkaso of ike old proldciu of the relations keiweon tke tdeinonis 
tltemselves which iinds its most complete expression, although no 
(wplanatiiui, in iho Periodic Law. When it is considered that each of 
iliese disintegration products is a new olementary form of matter and 
that the tidal number of elements knownkas been increased by nearly 
one f north ilnxnigh the study of radioactivity in the last five years, 

kav<} a suikeiont ans-wer to the view the writer hms heard 
expresstnl that radioactivity is outside the sphere of chemistry and 
must bo considered the extdusive territory of the physicist. Hince all 
the newcomers are deriwsl from and related to two only of tlu^ pre- 
viously known tdemonts, it may be realised how little tiie possibilities 
of matUu” have keen exhausted by iho older chemistry. Bui the 
prospect of any simple and comjdete hypothi‘sis of matter st'cms to 
Imve keen rendered more remote rather than brought within measurable 
distamm of realisation by the recent extensimis. 

of the. a-ptfrtkfe , — Some of the problems in <*onntixion 
with the nature of the a ray will he lirst consi<U‘red. as these have 
again otvupietl a prominent place in iho year’s work, Hu' contniversy ^ 
between B(HM|um’el fhe one hand'^ and Hutherford ‘huid Bragg'* on 
the othi‘r bus been satisfactorily settled. In a later icmnmunicat ion, 
Becquerel gives the, results of further experiments in which a beam 
of mrays, deiloided in a magnetic lield, wim madt» to n‘gister its 
dcllcction on a phoBigraphic plate both after passage tbrougii a thick 
iiesHof ahuuinhim hdland when the foil was removed, ami be obtained 
iho same result m in BuLmrionrH ©.xpmMments, that the btnun is more 
easily deviated after passage through aluminium foil, and ihcrtdore 
suffers nhardution of velocity in its passage ihrougli matter, dim 
earlier view that there wjih hu increase in the raditts i>i eurvaturo 
along the trajectory is shown by tbe new experiments to have been 
erroneous, and the' traces conform to a circular trajectory. 

Hutberford ^ reproducfis photographs <if a vm'y striking eharacter, 
showing ciearly the diH|daceinent of iho iraro in the direction of 
greater deviahility when tho a ray« ‘ire caused ic^ pass ihrougli 
iymil mi, of aluminium foil, using tlm lioumgeneous a-mdiailon from 

^ Jnji, M^ihuif leor«, 5102. tUmpt, trmi,, littO, I4h 
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radium (7, wliilat in anotlier photograph the broad diffuse trace obtained 
by using a thick layer of a radium salt, emitting several types of a-rays 
travelling with different velocities, is contrasted with the result when 
a homogeneous source of a-rays is employed. In addition, the photo- 
graphs establish a slight but distinct smttering of the beam consequent 
upon its passage through matter. Thus in one photograph the im- 
pressions produced by the rays of radium (7, (1) in a vacuum, (2) after 
passage through air, are contrasted, and it is clear that not only can 
the rays be deviated to a greater extent, but the trace is broader and 
less well defined in the second case than in the first. This is an im- 
portant result, as Bragg and Kleeman ^ had shown that if any such 
scattering in passage through matter occurs it can only bo small, and 
is sharply to be distinguished from the very marked scattering that is 
shown by the /3-rays. 

Rutherford,^ in a paper entitled “ The Retardation of the a-Particle 
in passing through Matter/’ gives some data differing somewhat from 
the preliminary measurements already giveii.^ It will bo recalled 
that there exists a certain sharply defined ‘‘ critical velocity ” at which 
all action of the a-ray abruptly ceases, so that even although it is 
moving at great speed it produces no ionising, photographic, or fluor- 
escent action. This critical velocity is now given as 0‘43 F, where 
V indicates in all cases the initial velocity at which the a-particle of 
radium C, the fastest of those from radium, is expelled. It was found 
when successive thicknesses of aluminium foil woi’o placed over the 
.source of a-rays that each layer cause<l a reduction of velocity by an 
amount greater than the last, but the simple law was established that 
tho diminution of the kinetic energy, or tlie square of tlio vtdocity, of 
the a~pai*ticle was tho same amount for each layer of foil added, if 
tho kinetic energy is plotted against tlio thickness of matter travisrsed, 
a straight lino i.s obtained which if produced outs tho axis of ssero 
energy at a, point represented by S’31 eontimetros of air, that is, 1-25 
cm. boyoml the critical distance at which the rays cease abruptly to 
ionise. This has proved a very useful result, although it may he said 
at once that wo have at pro.sont no knowledge of what becomes of the 
tt-partiole after it has passed through its critical distance, Bronson*^ 
made a search for any Binall ionisation by tho a-rays lieyond timir 
critical distance, but with negative results. Tho drain on the energy of 
the a partiido on account of ioni.sation ceases afkir the critical diHtu.nce 
is passed, ho that un]es.s other imtious, of which we have at present no 
knowlotige, occur, there may be no cause acting to ri'iard the velocity 
further once tho critical velocity is reached. J. .K Thomfion*’ has 

J dmu wm, ^ rhil J%., lUOd, |vil, 12t IM. 
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suggoaied that the most pvohabl© cause of the loss of ionising power 
by the a-particlo is that below the critical velocity it retains an 
ele<;tron and becomes an uncharged atoind 

If r is the range of any a-particlo in air, its energy is proportional 

to r-hl*25 and its v<dociiy to r *1-1 '25. The ratio of the velocity 

of two partiedes with ranges and r„ respectively is therefore 

A, + I this way Uuthorford has calculated, in terms of that 

A' ry + ! *20 

of radium (f as T, the velocities of each of the a-particles expelled hy 
radium aud its protluct'-', using the lonisatioii ranges as determim'd hy 
Bragg. These art^ : lta<lium, 0*750 V ; emanation, 0*8 id V{.scG p. 244) ; 
radium d, 0*858 V; radium A’(poloiiium), 0*787 V. These restdts agree 
(‘loselv with the direct nieasuroments about to b(‘ considered. From the 
s(*att(‘ring of the u-rays in pa.ssage thnyugh matter it was deduced 
tliat some of the rays must siilLu’ a <letiection of at least. 2^^ from 
their c<vurse, which is equivalettt to the (dTect t)f au idt'etric tield of a 
htuidrtul million volt.s per (umtimotre {comi>are prectniing footnote)* 

x\fier four years’ elTorts, Kuihtu’fortl has now ol^tnined satisfactory 
ineasureuumts of the electrost .itic as wtdl as of the electromagnetic 
deviatioiiH suiTered hy tius a*particle.“ 'Phe former gives lluj value 
iniv/n a!ul the latter the vahie st) that, from the combinetl results 

thtnadtH'ity e and the ratio c m, of the charge to ilu* nsass of the particle 
can he dedmunh 'fhe u niys of ratUiim t', from an uncovered wire 
made activi* hy (exposure to tlus iunanation, were taken as tlm standard, 
and the values in other cases dedncod hy conipanHon with this standard. 
The initial velocity of the a niys from radium designated by T pre- 
viously, is giveit as X 10'* cm, pt*r secmnl, and the ratio ew 
as 5*07 X Itt’t 'rhese valuc.s are both somewhat lower than those pre* 
vi<Hwly given from mon* or less indirect data, and for tin* future they 
tnust Ih‘ taken as the most trustworthy determinations of these imptiri- 
aiit and did‘H*uUly det4*rmined constants^ 

Mutherfoinl nt^xt proctaided to examine ■wheth«*r the ratio e/' /a is llio 
.•‘amt! for all a particles, and \vhetiu*r it is altered hy passage of tho 
a pail, icb through matt^'r. Olrcct deierminaiionH of the electrostatic 
and imigiwlic diwdation of tho a-pnrticlo of nulhim i* aft^er piWKing 
through various ihii‘knessoH of matter showed that the is 

constant \viildn the limit of experimental ernn*. Himilar direct dolor- 

» Tie’ a*..',ani|«Ueii hi'cms t4» hi* nuule here thiu eidy chsidfid teus’n .m* in 

llir rtiliiNhat Uh' rndiani «-p*oticlt’ \\ith tlir m«>h'*'uh 'i ft inatln, P,iii 

Uuh pn ^ispiHmvs t luU mt uiii'harged nidiaat anau wunhl n»‘itln‘r iuni'*** ner h«t 
niuhbd el dirvialcd ia IIm thnaigh inaH«‘r, un ftsMuapliMn h f.n lotiii 

pnwi'd. 
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minations were also made of the a-particles of radium A, radium J', and 
actinium J?, and, in conjunction with Dr. Habn,^ of the a-rays from the 
excited activity of thorium (thorium £ and thorium C, p. 342). An in- 
dependent determination in the case of radium F or polonium has been 
carried .out by Huff ^ in continuation of 'the work of A. Stanley 
Mackenzie. The general result gots to show that the ratio e/m is the 
same for all the a-particles within the limits of experimental error. 

Dastly, the evidence is considered by JRutherford as to the connexion 
between the a-particle and the atom of helium. All the ludio-elements 
expel tt-particles which are identical in all respects save initial velocity 
of expulsion, and it is pointed out that whatever its nature the 
a-particle must be a fundamental constituent of tlie atoms of all the 
radio-elements. Now the new value for e/w, 5-Q7 x 10*^, is almost 
exactly one-half that of the hydrogen ion in electrolysis (10'^), and 
since the atomic weight of helium is accepted as 4, the helium atom, if 
it carried the single ionic charge carried by the hydi’Ogen ion, w'ould 
have the value 2*5 x 10^ for the ratio e/ni^ or one-half that of the 
a-particle. Soveral possibilities are discussed by lUitherford, and two 
may be here considered. The a-particle may be ti helium atom with 
twice the ionic charge, or it may be one-half the chemical atom 
carrying a single charge. The lirst alternative is that favoured by 
Itutherford. Another possibility not discussed is that there is a flaw 
in the reasoning which has led in the case of the inert gases to the 
density being doubled to give the atomic weight. Uoyond the general 
evidence already discussed ^ in hwour of regarding helium as n general 
product of radioa<‘tive matter, and therefore that the <X'parbiclo is or 
becomes an atom of helium, there m very little actual evidence at the 
present time on which to base a conclusion. A large number of 
calculations in radioactivity ax*o based on the hitherl.o umpiostionod 
assumption that the a-particle carries the single ionic chargts, and if 
that assumption is abandono<l, not only are the values of these 
calculations affected, but in addition much of the foundation on which 
the atomic theory of electricity has been based is wesakenod, for the 
existence of multiple charges, not confined to two units only, may be 
postulated in many other cases. Until the tpiestiou is std.tled, doubt 
is thrown upon nuj.st of the calculated constants in radioactivity, for 
example, tlie numbei* of a-particles expelled from a known weight of a 
ratlioactive substance in iiiiit time, the periods of average life of the 
parent elements, the (piantity of the disintegration pro<iucts associated 
with the parent in state of ladioactive cepulibrium, &c., which nuist he 
either doubled or halved on the view that tlu^ «-|>nrtickj airnes two 
ionic charges, liutherford calculates, on tlio latter assuiupti(m,ihe period 
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of pawfc tiiiio required for iho generation of tho helium in two miner;Ua» 
ihoriaiiito a-ud forgasonite, and arrives ixx each case at about tho same 
result, namely 400 million years, which brings vividly into prominence 
tho ksIowucss of radioactivo change au<l tho extraordinary delicacy of 
our present moans of investigation. 

lonisaHoJi . — dlio phenomenon of initial recombination ” dis- 
covered by Bragg ami Ivlooman working with tho a-rays of x'adium ^ 
has boon tho subject of a further investigation by l\leeman,“ who ims 
made tho important discovery that tim effect ap])ears to he confined to 
ionisation produceil by the a-ra-ys alone. (Jasos ionised by the action 
of X-rays, /:J-rays, and y-rays do not show the eilect, and this is 
attribntiul to the ndatively low velocity of tlm a-partude, and the 
<um, sequcntly k‘ss viohuii idiaracter of the separation of tho charged 
ions from the mmt.ral atom in this case. 4'he view that in a-ray 
ionlsaifioii iiio tdtaU.ron det-ache<l from the atom ionised travels at a 
low sp(‘ed, and so is more rca<lily tlragged hack into, or recombines 
with, the parmd* atom ])y tho cUtctrii^ field existing iHjtwoen them, 
after the a partic.lo has passed, is supported !>y thts fact that the 
a rays produce no stvondary nuliation wliere tiny impinge, whereas 
the other radiations givm rise to strong secondary radiation known to 
consist of (de<‘trons moving with great velocity. It was found that 
the eff’ei't of the init-ial reeombina.Uon was the greater the Imver the 
velointy t>f the a-parti<de. 

ISragg'* Inis attacked an important problem in the imiure of 
iouisuthm, namely, the didermination of the ridative total numhiu* of 
ions proilneetl hy the a- rays in various gast*s. i:^everal tlisihmt factors 
have t,o he considered scparat-idy in it>ni.sation hy a rays. Ilut ionisa- 
tion per unit longtdi of path of the a particle, or the specilie 
ionisation, imTeases with the distance traversml up to the critical 
velocity, and therefore with diminishing veltHuty and energy the 
tt parfielo bectmms a more efficient ioniser right up to the point at 
whitdi it cease's to ionise* Umnlnning with Ins oarlier resnlts the 
direct meastircments of tho vidocity by Ibitherford, it appears iliat the 
ionisation iiim'eaHes inverstdy as the vidotnty. Sun'o we have seen that 
the enmgy lost by iho a-partude in traversing unit length of path (in 
aluminium) is constant, it may bo inferred that the energy required 
to protUice an ion ea>miot be conHUint, but must be greater at the 
beginning than at tho emi of the course of the «>■ particle* 

1'iej range of tho a particle In any gas, ov conversely the ** stopping 
pmver” of the gas, is easily mea.sured to very great accuracy, and Is 
simply proportional to the number of molecules in the layer of gas, 

* lisi.'ii, *»es, /Vo/. |vi|, 12, 2Ta. 
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and with this reservation is not affected hy pressure and tempera- 
ture, and is independent of the chemical nature of the gas. It is 
a strictly colligative or .additive property depending only on the 
number and nature of the individual atoms. The stopping power of 
diffei*ent atoms is very nearly proportional to the square root of the 
atomic weight, but there is a slight systematic departure from this 
law, the value being more accurately expressed by a Jw hm than by 
a simply, where a and h are two constants the same for all the 
elements. Bragg considers stopping power more nearly a purely 
additive property of the atom than any other save mass. The pro- 
portionality of stopping power to the atomic square root is aii effect 
quite apart from its additive natm^e, and the divergence from exact- 
ness is only marked for light atoms bolow 30, an effect which is 
curiously similar to the case of the atomic heats. 

Idio total ionisation produced by the a-particle in different gases is 
a very difficult quantity to measure accux'ately, and, as is evident from 
the pajjors, a great deal of experimental skill has been spent on this 
part of the problem. The method employed is to determine the 
speciffc ionisatioix at some defined point on tho curve connecting 
ionisation with distance from tho source, and that to whicli 

the rays from radium A (the second most })cnetratiDg type) just fail 
to penetrate was selected. Tho pi’oduct of this quantity into the 
range of tho a-parLicle in tho gas in question gives a measure of the 
(h^sired total ionisation, by means of which dilTeroiit gases can bo 
compared toget.her. Initial recombination was carefully guarded 
agjiinst by the use of extremely high voltages, %vhich previous work 
hatl shown were necessary in many of the complex gasses to produce 
complete saturation. It was definitely proved that tho iota, I ionisa- 
tion in ililTerent gastis was very different from that in air, beitig in 
the majority of gases tried fi.bout one-third higher, ''.rhus tiie value 
in the ca.so of carbon <lisuiidudo is 1“37 times air, a.ml this is oun 
of t.he highest dtttennined. 'rhen in order come ptmiane, methyl 
iodiile, ethyl t‘tluu*, ethyl chloride, carbon totracidoride, cldoroform, 
ethyl iodide, ethyhmo, a.nd lastly acetylene with the value T26. Idle 
simple gast‘s <tarbou dioxhU», nitrons oxitle, ami hydrogt'U are very 
sindlur to nir. d'he specific ntoU*<mlar Ionisation, or tln^ relative 
ionisation |>rodiUied in the molecule. l,>y the passage of an a-pariicle 
of ilclinod speed, obtained from these data is shown by Bragg 
be clo.sely related to othex: physical coustaixts, such as molecular 
voitnne, xuoU'cular ridrai*tive powei% ami imme clositly still to Huilier- 
lamrs moktmlar-vahniie constaxit //. Thus, although rangt^ is 
strictly additive, cjqMwdf.y for being ionised is a constitutive proptuiy 
of the molecule, and the energy requix*ed to pnnhico an ion is not 
constant. This shows that in the special ease of ionisation by railiant 



niEroirns on the phoghesh of phemistPxY, 

oi* ionisation is not entirely a. siih- atomic 

.X • ’ 'wTui-tever it may bo in other canesP 
I^htHl recombination is an olTect which %^arit's greatly for bifforent 
aiul Klocman has also shown, with the spoeh of the a-particle. 
Tluav < 100 '“^ evidence against the view tha,t a 

)lecule whieJj^ has already lost one ion or chad ron is any tlse less likely 
be ‘ 0 »’ain ionised, or, in other words, there seems no evidence against 
the e*xisten<*e gaseous ions with mnltij^le charges, as concluded by 
Unflin-ror'l in the <'iiKU of tlio itself. 

"" In the saua‘ paper, iU-agg draws atUuition to a suggestive fact also 

on hv itutherford inilependently.- 'Phe number of ions 
cummentea , 

•ide in a day by I’adium would occupy the same volume approximately 
s* the hydrogmi and oxygen gimerated in th(‘ same time by the radium 
wolution. In (ither words, if the saturation current capable 

111 mpmmis smuu , ’ i i 

f assim^ through a gas ionised by radium wtu*e p.assed also through 
^ v'um* series, thi‘ gas gmierated in the voltameter would 

n 'arly volume to the gas generated by t h<* same railium in 

* ' . solution. 'Phe ipiest ion naturally arises w hether the hydrogen 

Ubia’ab^tl an^ not aetually the ions foi metl by the a* rays 
\ 1 lo'ouirh lipniii water. And this at. once leads to fuudanumtal 

HI passing^”^" L- f *1 i - I . , ,1 

‘t ions a H’rct mg tin* ionisation or Inpmls which canuot at |fresent bo 

1 ^Phus tht' whole subUvt of the nature <ff ionisation is in a 
jmswereil. * •’ r i j it*! 

iutm*esting state*, and great advances are ioreshadinvod, which may 

hearing idiemisiry and ek‘ctrochemii*al problems. In par- 
’*^i'lur il noteworthy that, two of the main ideas, which servtnl almost 
on whii‘h the existing ionisation tlieory i>f gases was 
*»el ' hasod during its dovt*lopment, namely, the eonhdent assumption 
th !t the charge carried by the gas ion was always tiu' saint* ami e<|ual 
to thi^ hing^*’ attunio charge, and secomlly that the energy retpured to 
'roduee i** imlopendont. of the nature of the 

ooiiar light of fuller knowledge) not to have been 

gas, 1 1 

■warranird. ct. , t t ? • 1 1 

‘V a ra//^#, Steady progrt*ss has bemi made in iho 
I lUirmiiiatiiai of tlie ionisation ranges of tiiearaysof other substances 
than radiain by numerous invesUgattu-s, following Iho methods of 
. , r juid Klecmau. MeCdung ** investigatttd in this way the a-rudho 

iicii of radinm C by itself and found it homogeneous, as %vks to be 
* _ from tim original curves of Bragg ami Kleenistn. The siiimi 

lumiogriioity lias been found imh^pendently by many investigators In the 
case of tlio radiation from polonium or radium i*\ Kkienian** found * 
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range in air of 3 ’8 cm. at 77*34 cm. of mercury pressure. Levin ^ found 
3 86 cm. at 76 cm., and Kucera and Masek 4*1 cm, at 73*3 cm. The 
results of the latter investigators ^ are the most complete They showed 
that the range of the rays is not affected by the decay of the activity 
of the polonium with time ; the number of rays expelled grows less, but 
the character of the individual particle expelled remains the same. 
Absorption of the rays of polonium by metal films and gases confirmed 
the square-root law of Bragg and Kleeman. Lastly, they state that it 
is not possible to observe any secondary radiation from the a-rays where 
they impinge, and the effects previously ascribed to this are probably 
dite to the scattering of the original beam, which increases with the 
atomic weight of the metal acted on. This agrees with the conclusion 
of Kleeman (p. 338). On the other hand, Edgar Meyer, ^ investigat- 
ing the nature of the absorption of the a-rays of polonium by metals, 
concludes that neither secondary radiation nor scattering are necessary 
to explain the results. The main fact in question is that if two screens 
of different metals, as aluminium and tin, are used to absorb the rays, 
the extent of absorption is different according to the order in which 
the screens are traversed by the rays.*^ It would appear that all that 
is necessary to explain these and similar rosxilts is to suppose that the 
absorption like ionisation in gases increases as the velocity of the 
a- particle decreases. On this view, the effect of superimposing various 
screens in different ways can be calculated, and the results given agree 
closely with experiment. Further discussion must bo held ovei\ 

In appa.rtmi coul-ra<Hction to the above conclusiotis tlia.t the a-ra^’^s 
produce no se(^ondary radiation by impact is a researcdi of W. H. liOge- 
man,’’’ who has proved in a very neat manner the existence of a 
secondary radiation from a metal plate in a vacuum boinlmrded by the 
a-rays of polonium. The contradiction is but apptu’ent, for the 
stx’ondary x^ays in quest ion are so feeble in penetrating power that they 
could only be observed by woidcing in a vacutun, and consist of the 
slow-moving electrons or S-rays discovered by J. J. Thonison. With 
no electric field acting, a plate of polotiium gives out to an opposed 
plate more — than 4- electricity, but by the applicat.ion of an (dcct.ric 
field in the right, direction the emissum of negative eh, ‘ctri city fromt.he 
polonium plate can ho suppressed, so that the 4- omission ]»redoniinateH. 
If, however, a suitable magnetic field is employed to deviate t-he 
negaii\a» charges ami to return them to their origin, the 4- <*mission is 
only one-fiCth of that wlnui tho elect.ri<‘, tield is emphyml. 1'he 
explanation is that the plate bombarded gives out slow-moving 

* Jitifd. VJOit 7, ; Amn\ J, AVo, VMiK 22, H. 

'-i 7, Jtnr, nm and <150, « <Ji7. 

•* Mme. t^ririe, n^ininUnl Inmi ilui ChtwktiJ Xi'im, 

Proe, %/. A'er., 1900, 78 J, 212. 
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negative charges no less than the polonium plate, and these also are 
readily returned to ihcnr origin by the magnetic field* The electric 
field, on the other hand, whic.h suppresses the negative charges from 
the polonium, (lax'rios those from the bombarded plate to the polonium 
plate, and the effect is added to the positive curnuit eonveytal by the 
a-partici<^s from the ])olonium to the bombarded plate* The positive 
current then a.ppears to ho much greater than when a magnetic field is 
acting. 

Iteturning to the subj<^ctof ionisation rangtvs, Hahn luis applicni the 
method with frtiitful and novel results i*o the a-rays of actiniunt and 
thoriuni. This has hee!i rondox'od possible by the separation from these 
idements of inionsely active new disinti‘graiion pi’oducis, rmlioiud.initun 
and radiolhorium, some actfouni of whi<*h folhyws later (p. 863). Only 
v«*ry inteits<dy active pn^paraiions aro suitable for the determination 
of itmisathai i*atiges, a.ud the extensionof t he la'suhsto thoriutu, as also 
the case of Jtutluu'ford aiul Hahifis nusisurement of the constants of 
trim a rays from tin’s c!«‘mt*nt* already dtsscrihe<h exempli ties the veiy 
valuahh^ results that have folh)wed the separathm of radiolhorium. 
B4)th radiothorium and radioaciinium are consid(‘red to 1 h^ the 
product of tlic paremt element, the initial cdiangi^ of which is in each 
cas(^! raydess, so that thes(^ prepara.tiotis <'»xhihit in int-enshied degree 
f/^e w/uj/c of the eharnctt*rislie railitmct ivity td‘ the parent elements, 
fi’he exeitiul a.id.ivity of thorium was first itivtfsiigat eil. Hitherto it 
has htHUi supposed that. th(,» rays in this ease <*ome solely from, thorium 
//, as thoriuju -I, the first produet depoHiUnl from the thorium ema, na- 
tion, tuulerg4ies an ap|)arenily rayless change (see, however, p. 84H)* 
It was at once seen Huit the <‘urve 4’o]ims*ting i<uu.siUion with distance 
was not duti to a hojnogeuiams type of a-ratliatiotu hut to two types of 
diO'erent ranges superimposed. Tlu^ rangt‘s in air were S-fi <uu, and 
5*t) cun Hutllcitmt grountlsare furnished in the paper fim Ijic conedusion 
that the radiuiiou of iimrimn /* is derivctl from two sticcessivc pro- 
dmd'S, ealh‘d thorium //and tiioriutn both of whieli give otii « rays 
on disinit^gratitiii, hut it. is md. yet possible U> say which ehitngt* gives 
the mort4 ptuudn’iiting and wdneh the less |)enet rating type. From 
analogy to radium it is provisitmally concindiul that the thorium (* 
giv 4 ‘s the more pimetniting type and also the //• and y rays. Aceording 
to the cvitleuee, the change of thorium // itd,o thorium V mtisi he 
extrem<»iy rapid, fttr the two types occur togt^hmr in all circumsiances 
in uneimnged relative amount, and for Hiis reason no act mil separation 
has ht>en (dTta?ied. The new type of a-rays hertj disclosed must not be 
coiifouuded with yet another new type found this year fnmi thorium .4 
!*y von Herch (p. 84 H). 

The curve in the case of the a ruiliation <if x’adiofimrium itself, freed 

^ im, luot;, fvi], II, 7 m j 12, 82. 



EADIOACTIVITY. 


343 


from succeeding products, proved to be simple, the rays baving a range 
of approximately 3*9 cm. The curve for thorium X freed from the 
later products disclosed also a homogeneous a-radiation of range 
5*7 cm. The range of the rays from the thorium emanation was 
estimated by a special scintillation method to be about 6*5 cm. Thus 
the whole of the ranges of the five types of a-rays emitted by thorium 
have been determined, and it is interesting that the range is on the 
average higher and the velocity therefore greater than in the case of 
radium. Indeed, the a-particle of range S‘6 cm. from thorium Ois the 
fastest moving a-particle known. A beautiful photograph showing 
the lesser deviation suffered by this particle in comparison with that 
from radium G, the swiftest particle from radium, is to be found in 
Rutherford and Hahnhs paper on the mass and velocity of the a-particles 
from thorium already referred to. On the clear view afforded by the dis-^ 
integration theory, it is of course a matter of no comment that a feebly 
active body like thoidum should emit an a-parlicle with greater velocity 
and energy than in the case of an intensely active body like radium, 
but no more striking exam^de could be deduced of the indopendonco of 
the rate of atomic disintegration, not only on its extornal environ- 
ment, but also on the quantity of internal energy liberated in the 
process. 

Some observations of Lise Meitner^ on the a-rays of thorium B 
resulted in the confirmation of the square-root law of absorption of 
Ih’agg. In the ease of the /5-rays the absorption does not follow the 
square-root law, Imt increases with, although slower than, the spetdlic 
gravity of the metal. 

Ifor actinimn, Hahn Ogives the following ranges for the fotir types 
of a-radiation : radio-actinium, 4*B cm. ; aotiminu-T,r>*55 cm.; actinium 
emanation, 5*6 cm. ; aciinuxm 7?, 5*00 cm. fn the relative magnitude 
of the ranges of the rays of tho succoK.sivo produ(4s the act.iniiou 
sorites boai’K a close rosemblanco in that of thorium, a. I'esembhuu^e 
which is exiciuling it.s(df to all tho radioactive proporticH of the Iavo 
fiuhstances. I'he vaidous a-rays from actinium aro the inost nonviy 
alike in range, those from thorium oxJdbit the groatosfc diveu^sity, 
whilst those from radium occupy an inter, mediate position, dlie 
a-radiation from the excited activity of actinium (actinium //), iinlikc 
that from thorium, is completely homogeneous. 

The roseardies of II. Willy Hchiuidt/^ remarkable in many <lirections 
discusscil later, have resulted inchhmially in setAiing the {piestifin loft 
open from Bragg and Kloeuutn's work** of Hio respootivo rnngt‘H of the 
a-rays from radium A and the radium emanation. »Sclmii«lt. hris 

’ Pkim, 1901*, 7, r»HK. PhiL iUOS, }vih iBh 

» Piiifs. Z'iL, pjOtr, 6, .SU7 i bms, 7, 7«’l ; Amt, PHitl, ftv|, 2b ton. 
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Khown thiit the ka« pciietextin" of the two typos of a-radiation present 
in the ra<Iiaiion from the active deposit immediately after its formation 
from the radium emanation, and which is due to radium A , has a 
rsingo gi-oater than 4*5 cm. and less than 5*1 cm., so that the range 
of 4*S3 cm. measured by Bragg must be ascribed to the rays from 
radium d, and that of 4'23 cm. to the rays from the radium emanation. 

For use in cases of feebly radioactive bodies where a direct determin- 
ation of the range of the a~radiation is impossible, Bragg ^ has 
derived an indirect method which he has applied to the determination 
of ihe ranges of the a -rays from uranium and thorium. Bragg 
obtains mai-hemaiically an expression conneeding ionisation current 
duo to a- rays, fnrni layers of radioactive matter of various depths 
covered wii.h uniform sln'Ots of metal of various thickiiess and known 
stepping power, with the range of the a-ray in question, in such a 
way i-hat the range <ain be dt^lueed from nuMisnrenumt of the ionisation 
(Mirront under va.rious condii.ions. in this way it is stinwn that the 
initial a-ray cxpiiled from lujth thorium and uranium lias ihe sa.me 
range as that of tin' initial a-ray expelled from radium, namtdy, about 
:br> imi. Tins is in fair agremneni. with the direct measurement of 
ilahti ft>r thorium (radiothorium),' which gave ibO em. (p. .'42). From 
the ridative ionisation prodiunal from similar ipuuvtit ies of uranium and 
Ihorimn preparalbms, a,nd the number of «-rny changes iu each case 
(‘out ributing to the activity, Hragg has dtHluctHl ilu^ n^’afivo rat.es of 
ehu'uge of thes(‘ two okmumts to he, iu the ratio of 5 to 1. Uranium 
and thorium are tif viuy similar ametivity, hut. sima* tluwe are five 
succi‘*sivo changes conirilmting a rays iu thorium and only om* iti 
uranium, the uranium must Iw dislutt^graiing mncli the more rapidly. 
TIh* actual ratio of Bragg is, howevmu vitiatisb as Huthcrfonl has 
poiuted out, by the 8ul>.‘<e»pi(mt work of Uatlouriau and Bolt wood 
(p, who has shown that commercial thorium preparatitms do not 

contain their full atuount <}f radmthorium, about half being afiparently 
>'(‘pa rat t ‘d during the process mauiifnct-ure. To gtd the true ratio, 
whti'h is prohahly about 5 to 2, tlie mcasurmutmi s must rep<‘ated 
with Mma‘ tiuH'ium mimwah such as thoriaube, ciuitaiuiug a known 
|.m’ct‘ntHge of thorium iu e<|ui!ihriuiu with its disiubv'rat ion products. 

( ’//orgej etu'r 'if'd hfi tio* a /b*r//V/r. 'Fhc diilictdt (luc^-tiou as 
to whether the u-partiele is charged at tlm moim*ut of its ex|m!sion 
frtiut tht‘ paiamt at.suu *’ has this year been (*xperimentul!y attacked by 
Fevers'^ and Suddv.’^ Fwiu’s investigated tim a rays "f piifoitiuni in the 
!ilgln‘.'-t vacuum lu' eould produeta and aljiained no difl(U*eUin‘ iu the 
value of the cliarge earriinl by thru rays (Ut aceoimt of tin* high vaeiuiiii. 
He coucUided against; tlu^ hypothesis that the a particle was uncitarged 
» r/e'f. .ILe/.. l“or», fvij, 1!, T:»L ■' iNaapun* Attn. //-loU. IU’KT UU’J. 
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at the moment of its expulsion frnm the parent atom. He also 
measured the constants of the slow-velocity electrons (8-rays) 
accompanying the a-radiation, and found for ejm 1*48 x 10*^ and for 
V 3*25 X 10^, which, however, are not in agreement with the experi- 
ments of Logeman (p, 341). It has been pointed out by Bragg ^ and 
Soddy^ that the experiments of Ewers do not suffice to answer the 
question as to the initial state of the a-particle on expulsion, for in his 
experiments the a-particles must first pass through the thickness of the 
radioactive layer of polonium, and must, therefore, become charged 
before emerging into the vacuum. The conditions to be realised are, 
according to Soddy, not only a vacuum so high that no gas molecule is 
encountered by the a-particle in its path, but also a layer of radio- 
active matter as the source of a-rays, not exceeding one molecule 
in thickness. This was attempted expeiumentally by using radium C 
as the soxu’ce of a-rays, the deposit being produced inside, and 
confined within a certain length of, thermometer tubing of the 
smallest possible bore, from one of the open ends of which a narrow 
pencil of a-rays emerged. Under the action of a magnetic field the 
rays are readily deviated, and none escapes the narrow tube. After 
many failures, it was found in three consecutive experiments that a 
magnetic field which completely deviated the beam in a low vacuum no 
longer affected it in tho highest possible vacuum, and it was con- 
chided that the a-particlo was uncharged on expulsion. Only a pre- 
liminary account of this work has so far appeared. 

The Dieiniegralion Series radium radium />, radium G , — -This 
series lias hitherto presented some anomalies and unexplained diver- 
gences from tho re(iuircments of tho simple theory, which Ixave 
received during tho year exhaustive and critical examination, resulting 
in the complete vindication of tho theory in its original form. 
Butherford concluded*'^ that his oxperimontal results would agree more 
closely with theory if radium A and radium S wore I'ogarded as 
simultaneous rather than an succossivo prodmits of the radium 
emanation, but that further work was r<H|«ired bofoiHi so fundamoutal 
a (conclusion <*ould bo accepted. A similar idea luis been proposed 
by 1dm to account for the position of a<4initim in the uranium* 
radlimi scries, whitdi is also anomalous. However, new results have, 
HO iiir at least as tho radium Horios is (jonceriied, dispensed with tins 
necessity of the above as.sumption. Tho coned usiem of Bronsoir' that 
radium .// has a. longer period of (diango than radium O', insit^ad of 
the contrary as previon.sly assumod, and that l)oth pcuiods must be 
reduced, has also been arrived at independently by 1 1. W. Hehmidt 
* rkf/N. ZeiL, liMHh 7, 452. - n7. 
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and by von Ler<*b. The latter^ arrh’^ed at his conolusions by the 
oloctroclioinica.l separation of the two prodiicbs raditim i>*aiKl radium C, 
the former of which hsis been I'egai'ded as rayless, but as producing 
radium whi(*h then gives all three kinds of rays. Jiadium O 
behaves as elecirochemieallj “ nobler” than radium i?, andhy immei's- 
ing a cop]><H' or iU(‘kel plate in the solution of the active deposit, or 
by electrolysis %vith small curront density using a polished platinum 
cathode, only the radium € is deposited. In the same way, thorium B 
( p thorixun 0) separated from thorium A, hitluuto regarded as 
rayless.*' If barhim is precipitated as sulphate in the soluilon, iho 
raditim (• remains iti solution while the radium B is carried down with 
the precipitate. < topper precipitated with caustic potash heaves some 
of the radium /)Mn sohii.ion, the remainder, together with the radium 0, 
being pree.ipiiatetl. The radium whetlier separated as in Bronson's 
met hods by vulat Hisation of ilui radium 7f, or by the ih‘W methods of 
von B(U’cln has the {juick(‘r period. 

H, W. Sehmidte* in addition to showing iimt the dei*ay eurves 
could be better exphnned by supposing t lint radium T possessed the 
(pu<*.ker pi'riod, has shown that the change of radihmi B into radium 6' 
is not altogether rayless, as previously assumed, hut that- ^-rays 
of a type uinmually fceldo in p<metrating jiower are emitk^d, and with 
ihese two adtlitions the expiTimental results agree p(‘vfeetly with the 
theory without further assumptions, 'I’he sanu' discovery of the 
emiKsion of /7 rays from radium .// has been nuule indepemlently by W. 
Duane and by tlrunere’^ the latter in a mathenmiical eontributhm to 
i ho ilumry of radioaet-ivt* cJiange, from a study of the exporiniont-al 
results of <hirie and Dnnne. Behmidt investigated the deeay curves 
of the active deposit on a wire, immediatidy after short, exposure to 
the raflitiui emanation, through metn! scretmsof suceessividy imu’easing 
thickness. (HfZ mm, of aluminium cut.s <>11 aUl iho arrays from 
radium A , and iho decay curve, instoiul i>f showing iho sharp iuit ial domy 
cbara<deristic of the change of radium .^1, rises to a maximum steadily In 
thirty minuit*s, With increasing thieknessof aluminium the maximum 
is ta'uched sooner, ainl with tbtHSi^ mm. in eleven minutes. Screens, 
suceosHively adth’^l, of U'l, C)'‘3, ami t)*4 mm, (‘uused the period of 
maximum agairt to imua*ase until it reached thirtydive mimdes, 1lio 
only explanation is that radium B gives out rays .somewhat more 
lameiratiiig than a-rays and less ptuietrating than tin* common ^ rays. 

In a ftu’ther examination, the methods of von Lerch In separating 
radium // and radium f/ w’ero tuuployed, and it was foutai tliat the 
/I rays of radium B couhi be tleviattnl by a magnetic fudd, and more 

‘ IVif'H. BtUtb Its, Ahl. He, !U7 ; Amt. limfS, {ivf, 20. •Uf». 
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readily, so that they must travel at a lower velocity than those o£ 
radium C, Duane has shown that they carry negative charges. The 
periods ^ of the three products may be taken as follows : radium A , 
three minutes j radium B, twenty-six minutes ; radium (7, nineteen 
minutes; and the theoretical curves calculated from these periods now 
agree far better with the experimental than if it is supposed that 
radium A and radium B are simultaneous products. 

Bronson, 2 in a special research, examined the radiation of radium B to 
see if a-rays, possibly of very slight penetrating power, were also given 
out, but with a negative result. 

Another question remains for consideration in connexion with this 
disintegration series. Curie and Danne had explained their experi- 
mental results originally on the view that the rate of transformation 
in this series is affected by high temperature, and the effect of sub- 
mitting the active deposit to a liigh temperature has been examined 
both by Bronson and Makower with contradictory results. The former® 
liiaintains that there is no alteration of the rate of change. Wires 
made active in the radium, emanation were afterwards sealed into 
tubes of hard glass, so that none of the radioactive matter could 
escape by volatilisation, and were heated, it is stated, up to temperatures 
of at least 1100°. It is dilllcult, however, to believe that such high 
temperatures can be attained with glass tubes. Makower,^ working at 
much higher temperatures in vessels of seale<l quartz, investigated the 
effect of heating on the external radiation from the excited activity 
insi<le the vessel. ''Phe ray.s in question are the /?- and y-rays derived 
from rjulium O and not from the omaimtion. The activity measured 
immediately after the tube had been heated for fifteen minutes to a 
temperatxire between the molting points of platinum anti of nickel was 
found to ha.V(‘ fallen about 15 per cent., but hi the cour.se of an hour 
reeoveretl its original value. This was ropeaietl five times for the same 
tube with similar I’csulis, atnl in a second experiment at lower 
iemperatur<\s (1000° to it was found that while lioating for ten 

minutes had little effect, heating for one hour produced a temporary 
lowering of activity of from 4 to 9 per cent., while longer heating 
protlucetl no further effect. In a further paper to the Iloyal Hooiety 
just published, Bronson^ has maintained his original conclusion, and 
.states tiiat there is no alteration in tho (constants betwoon I BO'"* and 
1600°, so that the quostioxi therefore remains unsettled. 

^ By ‘‘imriotl** used as aboro without further qua1ifhiati<Ht is xiow wuiunoxily 
underatoud tin* period of half-tmuHformathm. Multiplying this by 1*45 gives the 
“average life” whbth is the tituo rutjuired for the t|uaiitity to bo mluceii to 
of ib« initittb Tho mnpronil of the avorago life, in iho “ mdhmotivo 
cnjwtan!/' A. 

mi, Mag,, fvi], 11, 810. « BrnL, 142. 
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Other preriovfihj overlooked. — Closely connected with tho 

preceding rosiilt.vS a, re two researches which lau'^e restilted in tho dis- 
covery of radiations previously overlooked in other disintegrations. 
Yon Ler<*h ^ has concluded that thorium j*!, hitlierto regarde<l as rayless, 
emits a small amount of ionising radiation, in part less penetrating, 
but. cdiiefly more penetrating in character than the a-rays emitted by 
thorium B ( + thorium G). Thorium i? was sopai'ated electrochemical ly 
from thoriam and the radiation of the former t'Oinpared wit.h that 
of tho unsepm'utod activity using variotis thi(*knesstis of ahsorbing 
smams. Hke close agreement hetweeu tho decay curves and tlnamy 
on tho earlicT assumption that tho change of thorium A is rayless, 
shows that tho auiount of radiation from this hoily imist bo rtdativtdy 
small. 

IVfoore and S(‘hlund(*,“ in an investigation of now’ nu^thods 
separatitm of nranium A' from uranium, ha,ve uunh^ tlie observation 
that- the ra.<lia.tion of uraaiium X is not (Uitindy tine to p rays, as bef*u*iK 
thouglit, hut that tlMwe is a .small amount of a b»ebly penetrating 
radiatioii also, whicli they a.s{uibo witlunit suHhaent proof io a rays. 
Hitlicrto, although it. has betm notieod that uranium A has a feeble mm- 
penetrating radiation, this has been attrilmted to a, trace of tiraadmu not. 
cojupleiely separa.ted. IMtn'jre and Kehlumlt, h{JWi‘ver, sh »\v that. Ibi^ 
cannot be tlu' cast% for the two types of radiation both deeay, and at 
tht‘ saute ra.te. A more thorougli exainiuatifm (»f this radiation is 
niimli to he desired, for tht" results of tho author.^ give no <due to tiat 
real nature of the radiaihm, whether it is an a ‘radiation ns titey a^^umc, 
ora baddy pane! miing /^'radiation of the type given by radium //, 
'riie new met-lmtls of Ki»pnrntion referretl to eonsist- in disMdving uranyl 
nitrate in various solvents, a<*etotie, various alc<thols, tmUhyl and 
ethyl acetate, An*,, stirring in a little freshly precipitated iVrtie hydr- 
oxide, and filtering. The filtrate <smtainitsg the uranium is found |o 
be quite free from uranium A'", which remuins wdth tim prcupitate. 
Another case of a feeble radiation previ<ni.sly overlooked is considered 
under aciininm {p. ddd). 

p /Aq/.s% .-Importa.nt advaiun^s have also bemi made in uur know|ed.:e 
of the /i-rays, and a lH*ginning, perhaps, mad** in a <»f the 

metdmnism of their absrmpt.ion hy matter, whieh is so marleflly 
different in natnro from that shtnvu by Bragg f«'»r tbt* n ray s 

ft has always luMm suspeciiHl without actual pnsjf tltai in ifioriunn 
«s in radium, tln» /i rays r**sult only in th** la.st cdtange, but until imov 
the difficulty of separating thorium X fruta the later prtjiiuel u giving 
has prev4Uit**d a delinitt* answm* to tin* qtn*NtiiUu Levin" 
has invcstigalisl from this point **1 vhuv bt»th ihoriuin and aefininm, 

^ /Viyv, p.Km, 7, tn.’t * ritiL ilbe/.. lutHk |vth 12, IJirl 
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and lias concluded that the only members of the series producing 
/3-rays are in each case the last, thorium JB { + thurium G) and actinium 
JB. Thorium X cai'efully separated from later products of change 
possesses only two or three per cent, of the ;8-activity ultimately 
attained, and actinium X is similar. 

A very complete examination of the absorption of the /S-rays of 
uranium has been made by J. A. Crowther.^ As llutlierford has 
shown, this radiation is fairly homogeneous, and absorbed according to 
an exponential law, — where I is the intensity of the radia- 
tion, initially of intensity 7^, after passage through a thickness d of 
material. X is the coefficient of absorption. This coefficient is not 
proiiortional to the density (p), and X/p varies from 5*7 for glass, mica, 
wood, iron, and aluminium to 13 *2 for tin, whereas Lenard found for 
the cathode rays of the Crookes tube that the absorption was strictly 
proportional to density (Lenard’s density law). Godlewski has shown 
that the /3*rays of actinium are also homogeneous and absorbed ex- 
ponentially, while here the variations from the density hiw are smaller. 
Growthor has determined X/p for thirty elements, and finds that the 
latter arrange thoiuselves in groups according to the groups of the 
periodic table when tlie value of X/p is plotted against the atomic 
weight. In compounds the absorption is stricdly additive, and the 
secondary radiation sot uj) by the yS-rays of uranium is much less than 
that protluced by the /3-riiys of radium. 

H. W. Schmidt ^ has investigated tlie /3-radiation of radium (derived 
fi'om radium B and radium 6'), n-nd made the remarka])le observation 
that within certain screen tluckrie.ss<is the absorption of 1)oth types 
proceeds according to an exponential law. In this way ho analystui 
the /3-radiation into five homogeneous ty^ es, three derived from radium 
7/ and two from radium 0. For the former tlie respective ihi<‘knoHseH 
of aluminium required for half absorption are 0'()07B, 0’()87, and 
0*53 mm., for the latter O' 131 and 0*53 mm. lie points out that 
it is doubtful if such an analysis can have a real physical meaning, 
btit if so, it seems to open the way to a clearer view of the mechanism 
of absorption. It seems possible, if the absorption of ^-rays follows an 
exponential law, that the ^-particle passes through the atoms of matter 
completely tiuchecked until it is suddenly and c<mipleteiy stopped. This 
view accords with Kaufmann’s work that the velocity of the /3-parti{deK 
%vhich esciipo an absorbing screoix are not n^tarded during their passage 
through tlio screen, and with Klccmau^s ohsorvatiim that ionisation 
prodnciid by jS-rays after passage througlx a thick aluininixun plate 
shows little temlancy to initial recombination. 

A^eGondury HadtiUh/i of [i- Hays , — ^13118 view accounts well also for the 

^ Phil Mmj., fvi|, 12, m. 
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fact observed by McClelland, and recently examined by S. J. Allen, ^ 
that the velocity and the penetrating power of the electrons constituting 
the secondary radiation set up by impact of the /3-rays is not greatly, 
if at all, less than for the primary i‘ays -themselves, for the 
‘‘ stopping of the primary rays may well consist in their being turned 
through a lai’ge arc, as a comet at perihelion, to reappear as secondary 
rays at the bombarded surface. S. J. Allen repeated and confu’me<l by 
an electrical method the work of Ivaufmann, and found also that the 
ratio e/m of the secondary radiation, like that of the primary, 
increases with the velocity of the secondary ray. McUh^llaud “ and 
McClelland and Ilackett,^ in continuation of their investigations on 
secondary radiation, found that the energy of the secondary ratliaiion 
from a plate of lead, for exjimple, was equal to one Inilf of the 
onei'gy of the primary rays. The ratio diminished with the atomic 
weight of tlie inoial, being lowest for carbon and next lowest, but still 
above 20 per cent., for sodium, aluminium, and magnesium. The 
secondary ra,diaiion of compounds is an additive fniu'tion of t-he c’om- 
ponent elements, and can be calculated fr()m the radiating power of the 
constituents. The important inllucnco of soconda.ry radiation on the 
apparent coelilcient of absorption of the primary i‘ays is poinitHi out-, 
and it is stated that owing to successive gciiorationof fresh /3-pa.rii<‘les 
as secondary ra^ s the apparent disiaucc penetrated by tlie primary rays 
is much iucrea,sed. 

K. Seigl '^ showed that the secondary radiaiioti prodmual on impact 
by the /?~rays of radium is capable of exciting strong iluoiescence in 
barhim platinocyanido. Jt was weakest for aluminiuiu and st-r<.mgi‘st 
for lead, increasing with the atomic weight of the metal, as Mefdelland 
has shown. Using tinfoil, it was found that the elTect iucreasisl with 
successive numbers of layers of foil up to 50 layers. 

The Electro^dc Theori/ of Af alter, —li maybe stated without fear of con- 
tradiction that the theory that the atom is made up entirely or to any sole 
stantial extent of elocjtrons is iJiow gommally regarded as being vi»ry much 
open to (piestion. h'rom specU'Oscopic and other evidence it is certain 
that electrons are universal constituent.s of attnns, but fm- the furtlnsr 
very sweeping deduction that the atoms a.re eompoKC*d of elccirtms 
there never has been much po.sitivo ovhlenee in the past, whilst against 
the view some deilnite experimental ovideture can now be urgiah it is 
interesting to note that Prof. J. d. Thomson, to whom tint ek*cir<»nic 
theory of xnattor is largely <Uie, lias himself this year brought b>rwa,rd 
considerations which have practically mado^tiie theory untenable. Tim 
view that the /i-ra.y electrons do not in their passage through suat-ler 
diminish continuously in speed, but proceed more or {e^.s tinaffeeted 

^ /Viyv. Ucchur^ lOOti, 22, 375. " Tratm llvy, l>ubL A'er., u, 0, IK 
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until they are .suddenly stopped or turned through a large angle to 
reappear as secondary radiation, bears upon the present question. Con- 
sidering the enormous number of atoms a /3-ray electron can penetrate 
without being greatly a:ffected, and the certainty that the approach 
of the radiant electron to an electron in an atom must result in 
deviation or loss of velocity of the former, it becomes extremely 
difficult to believe in the reality of the view that the atom is sub- 
stantially constituted of swarms of electrons in i‘egular motion. The 
penetrating power of the j3-ray electron was one of three methods 
tlcveloped by J. J. Thomson^ to determine the number of electrons in 
an atom, each of which led to the result, the importance of which 
cannot be overestimated, that the number of electrons in any atom 
is of the same order as, a,nd probably equal to, the atomic weight in 
teiuns of hydrogen as unity, a conclusion which pra-ciically leaves the 
whole problem of the ultimate constitution of matter wliere it was, 
and which is in sharp conliict with the electronic theory of matter, 
whi<di assumed a number of electrons a thotisand times greater. The 
two other methods of attacking tlio question depended, the one on the 
scattering of lldatgen rays by gases, for which the work of llarkla on 
tiie ratio of the energy scattenul to that in the primaiy radiation 
furnished the required data, and the oilier on the dispersion of light 
by gases. In tlu^ lai.iei* method a light wave is considered crossing 
the atom and subjecting it to the action of the electric field in the 
wa.vc-front ft>r a period the longer the longer the wavo-longth of the 
light, 'rhis fiebl nllVct-s the displjicement of the positively ami negaiivoly 
charged parts of the atom in opposite directions, polarising the atom 
and increasing tiu' refractive index: of the iriiMlium. This ]>olarisati<m 
awd in<*reaso of refraci-ive index will in general be the greater t-he 
longer tin* wave-hmgih eausing dispersion, juhI the amount diqionds 
upon the relative musses of ike positive and negative parts of t.he 
atom. B'or t,iu^ mathematical development of these tliree methods the 
oiiginal papcjr must be consulted. Thi^ resuHf that all Imt about one 
thousamlth of the mass is as.sociatod with the positive pari of the atom 
shows that an aii-oged-her exnggiU'ated rSln has betm attached to the 
eleiirou in the constitution of matter. 

A paper with revolutionary ihooreiical conclusions, wlubdi, howe ver 
must await Curt>lH*r imnfirmation liefore hiniig accepted, has Ihhui puh- 
by !i. A. Humsiead" on tlio heating elTeeis proihuasl by ivbntgen 
ray.s in dilTsreut metals. He found that the absorption of equal 
iimmuiis oi' Ubipgeu radiation in lead and in ziim produeoHl approxi- 
mately double as much heat in the lead as in the zJno. A somewhat 
complieated method of nufasurement was employialj depending on a 
radiometer effect of ilm heated inotal. Tim hypotimsis is suggested 
' /'A//. .Vw/., Umtb [vSj, II, 709, - Bid,, 292. 
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that by means of fluntgen rays the atoms of certain elements may bo 
artificially broken up and the internal energy liberated, causing the 
excess of the heating effect observed, but such a fundamental con- 
clusion can only be accepted after the most rigorous and exhaustive 
examination, 

y-Iiays. — J. J. Thomson ^ has proved that the effects ascribed by 
Paschen to the y-rays carrying negative charges are due to secondary 
radiation set up by the y-raya, and that the latter do not carry 
charges. The same author has shown - that })rolonged action 
of the y-rays on metals does not cause induced radioactivity, 
and Bumstead has shown ^ that even when arrangements are 
made to detect an extremely short-lived radioactivity, a negative 
result is also obtained. 

Schmidt found no appreciablo y-radiation accompanying th(». mnv 
/S-radiation of ra^dium JL Stefan IMeyer and von Schvvcidler ^ found 
similarly for radium M, the /3-ray constituent of radio -lea«l, i.hat theiv 
was no appreciablo y-radiation accompanying the /3 rays. If thc^y'' 
exist their effect is less than 0‘03 per cent, of the /3'iays. llie same 
conclusion was indirectly drawn by Eve/' ami may be infeuTed from a 
paper by GieseP' on /3-Polonium/* which, however, theie is noiloubt 
owes its /3-activity to the presence of radium Ah 

Eve showed that the y-radiation of uraaiium and actinium is more 
readily ahstirbcd than tluit from radium and thorium, .so that liy the 
use of a screen consisting of 1 cm. tliickness of lea,(b the tdfoct of the 
former may bo eliminated, ai:d the rays penetrating such a scrt'cn 
used as a measure of the amount of radium and tlioriuin, For (example, 
in a mineral, witliout the necessity of powdt'ring it or dissolving it., 
or even I'eiuoviug it from its containing vessel. On comparing the 
y-activity of a kilogram of uraninii,<^ from Joa.<'himstha.l, which ctmiains 
all the disintegra,tion products of radium, including radium // in radio 
active equilibriimv, with that from a known amount of pure radium 
bromide, which contains no sxppreeiable amount of radium A', it was 
concluded that radium E either does not give y-rays, or more probably 
that its y-x*adiation is, like that of uranium, easily absorlnaL Howto cr, 
Meyer am! vou Schwoidler have provwl that no y-rays are (unittsul. 
Eve’s rescar<jh had an ixiteresting sotpud. Even assuming that, 
tlie radium M give no y-rays itself, the amount of y-ra«liati«m from tin* 
mineral was low, so tha.t the ipumtity of radium containod in it ctmid 
only bo one half of that to be expected from the work td’ Rutherford aiul 
Boltwoodp who found 0*72 gram radium per ton of uranium. ’Tlus 

> /tw. Vanib, Fhil. Bun., 13, 121. - Ihtd., p. 124. " ibhL, p. itX'u 
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led these investigators to redetermine this constant, ^ with the result 
that an error was discovered. It was found that about one half of 
the radium in the standard solution had precipitated on standing 
without having been noticed. A redetermination gave the value 0'38 
grain per ton, a number agreeing with Eve's measurements by means 
of the y-radiation, and more nearly what is actually extracted in 
practice. A later paper by Eve on the relative y-activity of radium 
and thorium is considered in the section on radio-thorium (p. 362), 
and one on the y-radiation from the earth's surface in the section on 
radioactive minerals (p. 359). 

Action of Ultra-violet Light 0)1 Different Metals , — Sir William liamsay 
and J. if. Spencer - have investigated the effect of ultra-violet light on 
a large number of metals and compounds. It is well known that 
when certain metals, particularly zinc and the alkali metals, are 
illuminated by ultra-violet light, electrons ai‘e expelled from the 
metal surface, which, if negatively cdiarged, is ra,pidly discharged by 
the light. It was found that the order in which the metals arrange 
themselves in their action under idtra-violet light is the same as in 
the case of their electro-potentials, exceptions being noticed in the 
case of those elements, as iron, chromium, nickel, and cobalt, whitdi 
readily assume the passive form. The compounds examined, sulphides 
and iodides of the metals, discharged negative electricity like the 
metals, only more slowly. An examination was also made of the 
‘‘tiring” of magnesium, zinc, tin, and aluminium exposed to ultra- 
violet light, the rate of discharge becoming slower with prolonged 
action. They found on plotting rates of discharge against the times 
of exposure that the curves showed a number of breaks corresponding 
with the number of valencies of tiio metals, except for aluminium, 
which showed at least live or six breaks. I'he a\itliors interpret their 
results on the view that atoms and electrons may bo associated in 
three ways : ( 1 ) a.s in an ion in electi'olysis 5 ( 2 ) as in an olectro- 
staiically ciiargetl obje{‘t, where the electricity is conhntHl to the sur- 
face ant! may be likened to the wetting of a solid by a liquid j and (3) 
in a more intimate nninner, in sucli a way that the loss of an tdeciron 
m* eletdx'oxis is attendetl by actual transmxitatiou of the original tile- 
ment without tln^ appearance of a positiva^ charge. 

The “thing” of metals umh*r the a<di<ui of ulira-vioh't light has 
iiifto been inv«‘st igated by lb H, Allen/* who iind^s the process <*au be 
representctl as the sum of two exponentials, as in the ca.se of two suc- 
cessive radioactive changes, uml the autlun* suggests i-hatf t.he meiai 
sufftu’s by the process successive tiumsbumiation into tw<.> new mudi- 
licatiouH, hut leaves open for further examinatiuu the question of tlie 
» Amct\ J. AH., iwm, 22, 1. ” iVaZ Mag., PJOG, [vij, 12, 31*7. 

Prnr, .Sm\, 78, A, 4S3, 

Vu*., III. 


A A 



854 ANNUAL REPORTS ON THE PROORESS OF CHEMISTRY. 


nature of tlie latter and the precise nature of tbe changes. These 
results are too recently published for full consideration. 

Oe^ieral Properties of Radiations . — Rutherford ^ shows that the dis- 
tribution of the intensity of radiation in. space from a surface coated 
superficially, as for example in the case of radium O', with a radioactive 
substance is totally different from what would obtain in the case of a 
similar surface emitting light or heat. In the latter case the intensity 
varies with the cosine of the angle between the normal to the surface 
and the direction of the emitted ray, according to what is known as 
Lambert’s law, and usually explained by supposing that the light 
coTQOs from a sensible depth below the surface. In the case con- 
sidered the radiation is strictly superficial, and there is no cosine law. 
Many beautiful and striking photographs of iho elTex'-ts obtained in 
consequence arc given in the paper, lu a paper entitled Fluor- 
escence and Lambert’s Law,” 11. W. Woo<l - has imitated RutherforiF.s 
Gffc(;t for radioactive substances with a surface coated with a thin 
layer of phosphorescent substance, by allowing, for example, a fine dust 
of Balmain’s liiininous paint suspended in air to deposit on tho 
surface. 

The glow from an uncovered radium preparation in air lias been 
further examined by Sir William and Lady iluggius,'^ tind by 
Waltex’.^ Tlie phosphorescent glow extends al>out cm. in air when 
examined })hotographically, and sUoWkS the nitrogou bands, ’riie rays 
from polonium ]i)ossess the same property, and Wali<er has made tliO 
inter<*stiiig observation th.at the spectrum in the case of radium nuKst 
rc'scmbles the band spectrum of the blue cathode ligbl, whilst that of 
polonium resembles the rod positive glow of a nitrogen vamium tube, 
Ktark has sliown that tlu^ glow in the <^aKo of polonium is not 
affected by an electric field, and <argue.s that the molecules emittiiig 
tlie light are not charged electrically, 

A. Miothe'^ has investigated tho action of radium rays, pmsumably 
the /B- and y-ray.s, on alax’ge number of gems, ami find.s that many show 
coloration, whereas in the case of those brightly colouretl originally the 
colour Ls readily changed. A coloiules.s diamond from llra/dl showusl 
no coloration after k>ng*e.xposur<}, but a BoriuH) stone, originally cidtnir- 
Ic.ss, turii(?d bright citron-yellow in sixteen days, the colour being only 
partially discharged on heating to redness.''^ A bright blue .sapplure 
(corundum) from (leylon showed a very I’cmarkabie .series of colour 
changes under similar treatment, pavying through gn*en and bright 
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yellow to a reddish-gold yellow, which was discharged on heating, but 
returned to some extent when the stone cooled. Kuby, Ceylon chryso- 
beryl, blue topaz, and Brazilian amethyst showed no change, whilst a 
colourless quartz rock-crystal turned blue-grey very slowly. Two 
crystals of Brazilian tourmaline, each colourless at the one end and the 
one rose-coloured the other bright green at the other end, showed, 
when the colourless ends were exposed to radium rays, each the same 
bright coloration as that of the other end of the crystal. 

Jorissen and JRinger ^ investigated the action of /3~rays of radium 
on a mixture of hydrogen and chlorine, and found a slow combination, 
about half a c.c. combining in ninety-six hours. With hydrogen and 
oxygen there was no combination, and the work of B. Davis and 
0. W. .Edwards/^ who found a •“'^••'id combination when the radium salt 
wa.s actually placed in the gt. .s probably due to the action of the 
a-rays in the latter case and nxay, indeed, be connected with the* known 
largo heating clTect of the a-rays. Sir W. Ramsay has shown that the 
/3-mys do not decompose liquid water. E, Ivohlrausch found no su<Iden 
change in the conductivity of water when traversed by /5-rays of radium, 
but after prolonged action of the rays the con<l activity very slightly 
increased. Kohlrauscli and R Jlcmung *^ found that solutions of 
radium broinido behave as completely normal so far as their conducti- 
vity is concerned, and no peculiar behaviour duo to the presenco of the 
radium was observed. 

(kneral Properties of Hadinni. — The energy <!arried away by iho 
penetrating radiatiotis of radium has been the subji'ct of an investiga- 
tion by lh‘t:clit,*'’ who ilmls that the heat evolved, measured in a 
F.unsen’s ice-calorimeter, is increased 10 per cent, when the radium pre- 
paration is svuToundod by 3 mm. of leatl, but is not further incroasod 
by increasing the thickness of lead. Obviously some of the /5- 
radiatiou must be absorbed in tho calorimeter itself oven with nn- 
screemed radium inside, so that tUo U) per cent. dilTercnce must bo for 
a part only of tho energy of the /d-rays, ^rho actual heat evoluiioti 
calculated for 1 gram of the element radium was 122*2 calories per 
hour unscreened ami I3t‘4- screened. These arc considerably higher 
than tho u.sualiy accepieil values. These oxperiimotts recall those of 
Bum.sieatl with X-rays on metals (p. 351), ami may be fotind to be 
clostdy <*onnc<'ted with tluun. 

t'he sample of 25 mg. of anhydrous radium ]>romide used by Brechi 
in these experiments wa.H scaled in a glass tube 2 nun. in bore and 
(15 mm. wall thickness, ami about eleven months after setiling exploded 
violtmtly.^’ l/nwht ascribed ilut expIosi<m to tiie generation id* .suih- 
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cient gas (helium and emanation) to burst the tube, which, however, 
would probably require 20 atmospheres pressure. Mercanton^ found 
no excess of pressure in a glass tube containing 15 mg. radium bromide 
after it had been kept sealed for more than three years, and this is 
to be expected from the common view that the effect is duo to electrical 
strain, as the amount of gas generated from an anhydrous salt is for 
practical purposes negligible even after long periods. Mercanton alst> 
showed that radium emanation does not diffuse at all throitgh glass 
heated to its softening point. Rutherford has found - that charcotil at 
the ordinary temperature possesses the property of absorbing the radium 
emanation completely, so that the escape of the latter from an open 
vessel containing radium may be entirely prevented if the exit tube is 
filled with charcoal. Loewonthal ^ has investigated tlie phy.sialogical 
action of the radium emanation dissolved in water and injected into the 
system. There does not appear to be any injurious elToct on healthy 
subjects, but with patients siillering from chronic rheumatism ami 
similar infirmities there occurs a constant reaction after the timtment, 
accompanied by inilammation and swelling of the joints, which resembles 
closely the reaction imluced by certain healing springs. 'I’ho same 
effect can be produced by inhaling the emanation. 

W. A. Douglas lludge showed that the action of I'adium on steri- 
lised gelatin, first noticed by Rutler Rurke, is exhibited by salts of 
barium and other motals producing an inj-oluble sulphate, and is due 
to the precipitation of the sulphate of the metal by sulphuric acid pre- 
sent in the gelatin. Riirilieation of the gelatin from sulphate stops the 
actioti, which can bo started again by introdxiciug a suluble sulphate. 
Ihuliuin ha,s no specific actioji on gelatin apai-t from the barium prt*- 
sent, and other radioactive sxxbstances not containing barium jui' also 
without effect. 

Boltwood'" has nivostigated the escape of the emanatiem front 
thin films of raditim salts carefully protected from the action of 
moisture in a <losiccator, IMme. (Juxie has stated that the activity 
of a riidium barium preparation increases t»o five or six timc.s 
the initial activity after some xnontliis. If first luxated to a red 
beat the maximum ultimately attained is half again as great, while 
if the preparation is kept fused fox* two hours the ma.Kimtnii is 
twice as great. Boltwood evaporated a solution of radium barium 
chloride to produce thin tihns, and observetl (I) ilm minimum or 
initiiil activity, (2) the equilibrium or maximum activity attaiiusi 
after the iilrn.s had boon kept some weeks in a desiccator, (fi) the 
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amount of emanation actually present in the film under the last 
conditions, and (4) the total emanation generated in the same time 
by a similar amount of radium in solution in a closed flask. In this 
way it was shown that only about 70 per cent, of the total emanation 
is retained by the dry film and 30 per cent, escapes into the air. The 
final activity that would be attained if the whole of the emanation 
were retained is 5‘6 times the initial activity. In the ease of a film of 
mire I’adium bromide, only 45 per cent, of the emanation was retained. 
Boltwood points out that the ratio 5*6 to 1 is that of the sum of the 
ranges of the foxxr a-rays to the range of the a-ray from x'adium 
itself, but this is probably a mere coincidence. 

Radioactivity of Thermal Sprhigs . — A large number of papers, to 
which only passing reference can be made hex-o, have ax:>pe:ired on the 
radioactivity of thermal and other springs, and the occui’rence of argon 
and helium in the gases therefrom. H. W. Schmidt and K. Kui'z ^ 
concluded from an examination of the springs of the Grand Dxicliy 
of Hesse that neaidy all springs contain a radioactive emana- 
tion, generally that of i*adium, but in some few cases also that of 
thorium. Tiie amount does not depend at all on the depth, tempera- 
tui*e, or chemical quality of the spring, but only on the geological rela- 
tions, springs from igneous rocks being the most active, whilst those 
fi’om sedimentary rocks, and especially chalk and sand, are least. The 
most active springs are some well-known healing springs, but by iio 
means all the latter exhibit strong activity. At Ivrouznach there is a 
trace of a radium salt itself dissolved in the water, as Strutt found for 
the Bath watoi s. Further reference to this sjuing is made by G'ohlhoff,^ 
and other papox*s are by Ilau.ser,*^ Ewoi's,'^ Ourie and Laborde,*'’' Bionert 
and Bouquet,^’ Al'acbe and S. Meyer, and Moore axid Schliuxdt.® 

Radioactive 3Itmrais . — ^This section usually I'cceivos full considera- 
tion iix the X’ejKxrt on Alineralogical Ohemislxy, and it remains hero 
merely to direct attention to some mincralogical papox*H by Baxil 
Gaubert on the distribution of uranium at Ht. Joachimsthal and in 
Baxony,^* and to arx especially intei*osting paper by Marckwald on a 
now uranixnn mineral from Gex^man Fast Afidca, more radioactive oven 
than the Joachimsthal pitchblende. The minex^al occurs disBominatod 
ihrotxgh the mica from the quaxunes of the IJrugunx mountairivS, and in 
a black, crystalline pitchblende, more or less wtsaiberod into a pi"c- 
vioualy xmknown mineral consisting almost entirely of the new com- 
pound uranyl carbonaio, which is yellow ami has ixever been artificially 
px*epared. Marckwald suggests the mttno ^Mtuihorfordiiie fox* this 
i P/itm. Zrit., liJOH, 7, 2fm. ■' Ihhl, 590. 50.1. 

Ihid., 22*1. Vimpi. ntuL, lOOtJ, 142, MO. IhitL, 440. 

7 If'r pmer VMtiKle de ht ibidhdmjlc^ dc.y llrussfls, 

^ Amrr, Sept. 1905. 

^ IMiim, 1000 , 3 , 1 , 112 and 107. Ornt/\ 1000 , 24 , 701 . 
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new mineral, in honour of the distinguished pioneer in the study of 
radioactivity. The unaltered mineral mainly consists of (87 ‘7 

per cent.), contains 7 '5 per cent, of lead, has a sp. gr. 8*84, and is 20 
per cent, more active than the pitchblende of Joachiinsthal. The 
weathered mineral contains no less than 96 per cent, of nranyl 
carbonate and 1 per cent, of lead, with sp. gr. 4*82 and a radioactivity 
equal to the original pitchblende. It is greatly to be hoped tliat sucdi 
a valuable mineral will be found in large quantities. 

, An analysis of the new mineral thorianite has been published by 
Buchner, ^ together with the proportion in whitdi the activity is dis- 
tributed among the constituents. The quantity of helium is giveti as 
8*2 c.c. per gram, and the radioactivity of the sample taken for tina! ysis 
as 83 per cent, of standard uranium oxide. 

Strutt^ has found traces of noon, osti mated as about i /300th part, 
in the helium from two rjulioactive minerahs, zircon and cyrtolito, both 
containing zirconia, by u.sing Bewar’s process of fra(*ti(m!iting the 
gases with charcoal (tooled in liquid air. The same invi'stigaior has 
made an exhaustive series of analyses of twenty-<u'ght minerals of the 
eai'th’s crust for the quantity of radium preseiit.’* He found the 
igneous rocks contained far more x*adiuni than the stMliineniary. 
Granite contains 9'5G x gnim of r.adiiim per gra.!n of mineral, or 

25*2 X 10“^*- per c.c. of mineral; but these measureihenis must now 
all be halved o%ving to the error previously refeiTcd to (p. 353) in the 
amount of radium in uranium mimu'ahs. The amount of radium mn'cs- 
sary to nnuniain the iemporature of the eiui-h i.s calculat-tHl by Hiruit 
to be about 1*75 x gx'am per c.c., a quantity which is fifty to sixty 
times loss tlian tlio average amount, in average igneous rcurks, and 
ten times less than the amount in th<^ poorest samples examiiunL 
The conedusion which Strutt <lraws is that the eartli can only comsist 
of a crust of igneoms rocks some forty dive mile.s in depth, Initu-ior 
being <3ntircly free fi’om nnlium and composed of a totally diiTereni 
material, which is in agrooinent with the views of iMilne drawn from 
the study of seiHmologii?al phenomena. This conclusion bus btam tin* 
aouree of nuKdi divseussion, and many other <‘xplanat>ions havi* been 
advanced. One of t.he.se, .supporitsl by Lord Kdvjn, is that radio- 
active action ceases at tlie enormous pres.sures inside the t*jirib, 
Hoddy considered that HtruW.\s results may periiaps bi* twidmtee in 
favour of the view that thmx* is proceeding in miture an as yet undtS' 
covered process, mmipkmeutary to <H.sintegraiion, wherediy the luMivitw 
Ghuiients are being slowly built up out of the lighter. Huch a priwesh 
must absorb inmrgy in the same relatively enmanous amount- in wldeh 

^ Prm% Jh^if, XW., IJlOO, 78, d, * AVgarr, Ki»v. I ‘Hat, lo'g 

® /Vw:. iiie/. Na-., 77, -4, 47ti. 
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ifc is evolved during disintegration. Since the heat that must be 
evolved in the disintegration of the known amounts of radioactive 
matter in the earth is far in excess of that required to maintain the 
loss of heat by radiation and keep the earth temperature constant, 
and since there is indisputable geological evidence of the constancy of 
the earth’s temperature over a period estimated in hundreds of 
millions of years, there is at least now no a priori objection to the 
existence of an upbuilding process on the ground that the energy 
required is not available; but of course the whole subject is only at 
present in the speculative stage. 

Eved in an examination of the radioactivity of the earth and atmo- 
sphere, showed that the ionisation of the latter is caused by the 
y-radiation from the earth to the extent of only 1/1 6th of the 
total, the remainder being due to the radium emanation present in 
the atmosphere. He calculates the quantity of radium in tho earth’s 
crust necessary to cause the y-radiation from the surface to be 
1*8 X gram per c.c., which is of the same order as, but about four 

times greater tlian, the average amount found by Strutt in i*ocks. 
These two widely different methods of measurement of the I'adium in 
the earth’s crust are thus as concordant as can bo expected considering 
the nature of tho quantity investiga,ted. 

Advances in Muperimenial Methods , — An ingenious device has been 
suggested by for reading tho gold leaf of an electroscope. A. 

circular segment is cut out of one side of tho leaf near the end to be 
r(ha<!, and a (piartz fibre is waxed at the two ends and laid across tho 
segment, and attached to tho leaf by bringing a heated rod near to tho 
wax. The quartz, fibre give.s a lino imago for reading in tho micro- 
scope. Bronson has worked out a constant defioction method of 
using the electrometer, in which tho ionisation current to bo moasured 
is proportional to the dellectiou of the olectromeber needle ins toad of 
to the rate of movement, as in tho u.sual ari’angoment. N. It. Campbell 
has devised a null method of working in wluidi the iouisation {mrrent 
to be moasured is balance<l against tin* current through a constant 
volume of gas ionised by a (*.onstant quantity of uranium oxide, tho 
pressure of the ionised gas being varied. In this way the measure- 
ment is reduced to the adjustment and reading of a, gas pressuro. 

controversy as to the identity of polonium and 
radiotellurium, which has long ceased to present more than a 
nominal interest as to which of tho two names should bo retained, has 
now been omhal/'’* Mme, Ourio repudiated and gave convincing proof 

* Phil, Map, Vm, I’vib 12, bHit ” ZML, 7, 

» PhiL Map, [vi], 11, M3, * Pror, Oamk Phil Pat,, lU0f5, 3, 132. 

* H. Uuric, Php^. ZtiL, li)06, 7, MO and IHO; March wabl, ibid,, fitt) ; Meyer wui 
Ycai 8rbwi‘idlc‘r, ibid,, 257, 



360 ANNUAL EEPORTS ON THE TROOIIESS OF CHEMISTRY. 


against the idea that the polonium as first prepared and named by 
her gave ^-rays or was in a radioactive sense hotex'ogeneous, and 
protested against the period of decay as published long ago by her 
being accepted as giving more than the order of the time constant. 
A new series of exact measurements gives the period on(i hundred 
and forty days, which conforms to that of llutherfox'd for radium F 
and of numerous investigators for radiotellurium.” ’*■ Tho greater 
resemblance of polonium to tellurium than to bismxith chemically 
is denied, and it is pointed out that in the insohxhility of its 
sulphide in ammonium hydrogen sulphide, and of its oxide in 
caustic soda, polonium resembles bismuth and differs from tel- 
Ixxrium. Mine. Curie considers it self-evident that polonium, tho 
first strongly active sxxbstanco se^parated by IVI. Curio ami herself by 
a method first xised by them, must keep the name it x’eceived from its 
discoverers. Marckwald in his communication agrees in future to use 
the name polonium instead of radio tel Ixirixim for his preparations, and 
it is to be }iopod,this being the cavso, that the name radiotellurimn will 
not b© fxxrther xxsod. Meyer and von Scbwoidlor " examined polonixim 
from four different soxirces : (1) the residual induco<l activity <<f radium 
(radium i5^), (2) from radiolead (radium />, radium A, and radium F), (3) 
“ radiotellurixira,*’ (4) from radioactive bismuth (“polonium’’), and 
found that all preparations possessed substantially tho same rate of 
decay. Tho moan of the values for the period xvas one hundred 
and thirty-seven days. 

Thorium . — A summary of the physical ami <5!iemical properties c^f 
tho disintegration products of thorium is givcm by nni Lorch,’^ 
who himself has been oxie of the earliest and most fruitful in- 
vestigators in this field. Our knowledge of the radioihorium, aiid 
the position of xvhat has even come to he known as “ the f horium 
question/’ has boon advanced om^ stage further by tlu^ suiTossful 
partial chemical sepsxration of this constituent, from cannimn-eial 
thorium compounds by Klster and <teite!^ and (L A. Blanc/' The 
former sepax'atcd from the .sialiment of the hot spring at- Baden 
Baden a piaxparation with all tho charsu't eristms of the thorium radio 
activity, but xuany more times more actixa\ tlu‘ activity being per> 
manent over short period.s. Beventy-five kilograms of th(?He sedimeirts 
from Bad Kauheim were worked up by (Besel, and gave a grain of 
a radium-barium preparation of strong activity but pnM'tic\'illy no 
thorium activity. Tw<mty kilograms of tho sediments fr(uu Bad 
Kmiznach gave, besides strong radium preparatit>ns, small s|uantilie^ 

‘ A7ifK /,Vywr/, lUOn, mO. “ // c'c. ,SVL/o/roL r.. lisrt |15 U J, 

Jt/hrk h'kk, 2, ^ P/qfs. ;k/f, ^\nul 7, U.t, 
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of preparations with thorium activity fifty times that of thorium. 
With the experience obtained in the working up of these sediments, 
the separation of radiothorium from commercial thorium salts was 
attempted. The principle of the method was to precipitate a small 
qxiantity of iron with the thorium solution, and to separate the iron 
from the precipitate with oxalic acid. In this way preparations were 
obtained decaying rapidly at first (due to the presence of thorium A and 
thorium ^), but reaching a minimum (radiothorium only), and finally 
attaining a maximum twice as great (due to the reproduction of thorium 
JT, &c.). These preparations consisted of thorium hydroxide with an 
activity twelve times as great as the original material. The authors 
point out that radiothorium, like radium, is widely disti'ibuted, being 
found not only in springs and in the earth, but also in some varieties 
of crude petroleum. 

G. A. Blanc ^ first discovered that the deposits from certain hot springs 
at Echaillon and Salins-Moutiors possess thorium activity without any 
noticeable quantity of thorium being present. Very active prepara- 
tions could bo separated from the deposits possessing the characteristic 
thorium radioactivity in a very intense degree. He succeeded in 
separating radiothorium from ordinary thorium preparations^ by pre- 
<upitating barium as sulphate in a solution of thorium nitrate, fusing 
the precipitate "with carbonate of soda, and precipitating the solution 
of the carbonates in hydrochloric acid with ammonia. A few 
ceniigi'ams of i.horium hydroxide with a trace of iron obtained in this 
way had an initial activity ten times and a final activity thirty times 
that of ordinary thorium hydroxide. From six kilograms of thorium 
nitrate was obtained a few milligrams of a preparation initially 
Kiu'ongly i^adioactivo but free from emanating power, and ultiinatoly 
devalopiog emanating power and radioactivity 5000 times that of 
thorium hydroxide in e(|uilihnnm. Thu.s the separation from ordinary 
thorium cmnpound.s of radiothorium, comparable in radioactivity with 
the preparations obtained by 11 aim frcmi thorianite, has beam accom- 
plisluKi ; but the t^ompU‘to removal of the active constituent is still very- 
far from being ac<^ompl!she<l, and tln^ pi’cparation of inactive thorium 
from active i.horium salts lias not been offe<tted. 

'fbe radioatd.ivity of thorium minerals and salts has forme<l the sub- 
ject of investigations by 1 ladmiriau atnl Boltwood,"* and thorium salts 
have alsi') boon examintcl from a similar point of view by M<iCoy and 
UosH.'"’ The problem was to find the redation between the radioactivity 
of a tlioritim mineral or salt (duo to radiothorium) and the thoritan 

* r/nf. lS0r>, frit 9, 11«. ’ “ iV/yv. Ari/., 1900, 7, (mi 

m/., rjiHi 7, ; Am^/\ j. sil, lootj, 21, 427. 
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content, the thorium being in all probability itself without radio- 
activity. Both Dadourian and Boitwood by different methods found 
that the radioactivity was proportional to the content of thorium, and 
therefore that radiothoriuni must be a true disintegration product of 
thorium. Badourian measured the amount of excited activity pro- 
duced from the solution of a given amount of a thorium mineral, and 
used this as a measure of the thorium radioactivity. He found this 
activity, and therefore the amount of radiothorium present, to be pro- 
portional to the thorium content of tlie mineral .as determined by 
analysis. In commercial salts, however, the activity in terms of thti 
thorium content is only about one-half of that in minerals, whi(;h 
points clearly to the separation of a part of the radiothoriiun during 
the processes, secret for the most part, by which thorium is cjom- 
mercially extracted from its ores. Boitwood dotorminod the total 
a-ray activity of several thorium minerals, subti’acted i-he part dm* to 
the uranium present ris determined by analysis, and found for four 
minerals the thorium actxvi t.y per gram of tlmriiun to bo a, constant-. 
Whereas the specillc activity of commeiadal thorium salts was only one* 
half of that of minerals, the spocitk; activity of t.lio salts prepared by 
himself from the minerals was e<jual to that of the minerals, i n view 
of what has been said (p. 3()1) on the labour and diillculty in separating 
radiothoriiun from thorium, and the fact that in IJahids work only 
about 2 per cent, of the radiothoriiun probably was separab.al from 
thorianite, it will he scon that tb(i se-eret commendai pr<H*esses are fur 
more effeclivo in removing radiothorium than the known laboratory 
methods. An investigation of the residues in the manufueiure of 
thorium salts commercially for the I’adiothorium .si»paraied hiol only 
negative results. From these I’osearchos it is placed beyond doubt 
that rudiothoiium is a disintegration product of thorium with a 
relatively slow period (at huist several years), that the tdutngo of 
thorium infix i*adiothorium is probably raylcss, ami timreforo that 
inactive thoiuum preparations should bo capable of Keparation, iJnleas 
tho initiiil change of tliorium woiai rayloss, the cdose agn^cment bistween 
the results of Dadourian and boitwood obtained by different mothotls 
would not have been shown. 

Kvo ^ measured tho y-rays given out by known quanHtit*s (I) 
x*adium bromide, (2) thorianite, (.1) thorium nitrate, the last twtM!on- 
containing a known percentage of thorium. He found that tlni witio 
of the y-activity of the mineral to tho salt for (pianiities containing 
similar amounts of thorium was 2*5 to !, again pointing to the |Hnn‘rty 
of the salt in radiotliorium. Hence it Is to be c.xpccted that the 
y-activity of a thorium salt should steadily increase wiili ago as flu* 
radiothoriuni is reproduced, and an earlier soggtistion that a kilogram 
^ Jmn\ J. .sVn, lUmi, {ivj, 22, 17?, 
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of a thorium salt should serve as the standard of y-radiation is there- 
fore to be abandoned. The y-aetivity of pure radium bromide is given 
as 4’5 million times that of thorium oxide containing the full equilibrium 
amount of radiothorium. 

The diffusion of thorium X in gelatin solutions has been inves- 
tigated by G. Hoffmann.^ The diffusion from an under layer to the 
free surface was followed by measuring the emanation from the free 
surface, passing a > steady air stream over it. He concluded that 
thorium X diffuses as a single substance, and that radioactive bodies 
in infinitesimal quantity diffuse accoi-ding to Fick’s law exactly as with 
substances present in measurable concentration. 

AcHnium . — There are many problems of interest awaiting solution 
in connexion with this body, and the almost perfect resemblance from 
a radioactive point of view between thorium and actinium has been 
emphasised by several discoveries during the year. Hahn ^ separated 
a product he called radioactinium, intermediate between actinium 
and actinium X, and in every way analogous to racliothorium. 
If an ignited actinium preparation is dissolved in hydrochloric acid the 
residue contains relatively a greater proportion of the ra-dioactinium 
than the solution. A complete separation of the product is obtained 
when actinium, freed from actinium X by repeated precipitation with 
ammonia, is ireatod with sodium thiosulphate in acid solution. 
Amorphous sulphur is precipitated, and carries down ilio radioactinium 
only. Another method is also given depending on the partial pre- 
cipitation of actinium with ammonia when the active radioactinium is 
concentratod in the piucipitatio. The ranges of the various a-rays have 
already been given (p. 316), and also the conclusion that actinium /i is 
the only /?-ray product (p. 340). The period of radioactinium is given 
as tweiity days, and actinium fieed from this and the later prodtud.s 
possesses no ac.tivity, so that tlu^ initial change is rayloss as in th<i ease 
of thorium. Godlewski in his stTaratiou of actinium X'" sepiiratod un- 
awares some of the radioactinium as well as the actinium Xf which 
accounts for the low activity of the actinium recorded by him. Hahn 
obtained no evidence of the oxi.stenco of any residual activity in the 
case of actinium excited activity pointing to iho exislenco <jf a. 
possible actinium />, d'c,, analogous to radium />, radium A’’, luul 
radium /d On the other hand, Moyer and von ^ichweidler detected 
a small resitiual activity, initial, after the ordinary 

induced activity, produce<l from tho actinium emanation after forty- 
eight days’ working, had been allowed to decay. Hut instead of i>eing 

^ Ann, Phi/sik, nm, livh21, 2Jn>, 
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of a slow period, as in tbe case of radium, which is to be expected of 
a product so relatively feeble in activity, it decayed regularly with 
a period of 1 1‘7 days. The ordinary view leads us to expect that the 
product of the activity into the period should bo approximately tlio 
same for all the successive members of a true disintegration series, 
but the case in question, and alto the other new cases of the a-radiation 
of ui'aniiim X and thorium A, and the j^-radiation of rivlium 
constitute exceptions to this rule. We are faced with several examples 
of ray changes in which the total radiation emitted is veiy niucli less 
than in other cases for changes in tlie same disintegration series. The 
most impox'tant example of this is probably actinium itself. 

J?>oltwood ^ examined the relative proportion of the a-ray activity of 
radioactive minerals due to the separate ra<Uoa(‘tive constitiuujis, ami 
found it could be expressed as the sum of two factors, one dt'ponding 
on the amount of uranium, and the other on the amount of thorium 
present. McCoy*’ found that the total radioactivit.y of live uranium 
minerals not containing thorium was proportional to the content of 
uranium being always 4T5 times the activity of the uranium present. 
This means that actinium must bo a product of ura,nimn, and that all 
the radioactive constituents must be successive members of two series, 
that of uranium and that of thorium. 

TJio quantity of actinium, determined hy separating it fnun the 
minex'al, is proportional to the uranium. The c^onclusion %vas <lrawn 
tha,t actinium must bo a disintegration produ(‘t of uranium. But 
llutlierford and Boltwood, in an examination of the activity of 
ximninite, found that it was almost accounted for by tlm radium and 
uranium present, so that the actinium contributes but a small fra^^tion 
of the total activity. Yet since actinium givtss four <t~ray products in 
its disintegration to five fxn*iushe<l by radium, it is to be expert, oil that 
the activity contributed by actinitxm should be comparable to that 
furnished by radium. In these clixunnstances Itut horfoixb' was in- 
clined to view actinium as a sinndtaneouB sido-pi'o«ltu‘t out af the main 
line of descent, a sxtggestion similar to that proposnl iti tla^ case tif 
radium A and i-adium /i, and since shown to be unnci^essaty, lierc 
also the most x'ceent development stanus against the vituv. Tadiwomi 
separated as completely as possible tlie actinium from a kih>gram of 
(jarnotito, and measured the amount of i‘adium present in the actinium 
solution ^at first, and again 193 days latm*. In this intiTval ibo 
quantity of radium was found to have inereasad from 5*7 to 1 4*2 ( x 10 ** 
gram), and the conclusion was di’awn provisionally that actinium is the 

^ T;p/,S'. AVreae, llWf, 22, S20. Phi/. Mm/., VMm, |vil, th 177. 
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parent of radium, and that the rate of production is approximately 
what is to be expected on the view that all the radium in a mineral 
results from the change of the actinium present. This, if confirmed, 
shows that actinium is in the main line of descent, and the relations 
of theory and fact have assumed a kind of stalemate. 

Radiolmd, — This substance, it is now quite clear, owes its activity to 
the presence of I’adium E (^-rays) and radium E (a-rays) formed 
from and in radioactive equilibrium with radium D (ray less). Although 
the initial change of radium D is slow, the succeeding changes are 
more rapid, so that the preparation rapidly grows in a- and /3-activity, 
and reaches an equilibrium after a year or two. Meyer and von 
Schweidler by electrolysing the acetate solution with a current-density 
of four microamperes per sq. cm. sepa3*ated polonium (radium E), 
With ten microamperes both polonium and radium E are deposited, 
and with 100 microamperes radium D also as well as lead separates. 
The period of radium E is given as 5*02 days. Giesel in his paper* 
on /3-polonium gives a somewhat higher period, 6*14 days, whilst 
Itutherford in his original paper gave 4*5 days. 

blister and Goitel,^ starting from the observation of IST. Ih Camp- 
bell, that the natural ionisation inside lead vessels is abnormally large, 
and of A. Wood,'-^ that no emanation is given out by lead solutions, and 
that the i*adiations from lead possess a greater penetrating power 
than the a-rays of radium, made a thorough examination of the activity 
of ordinary load. They found that surroun<ling a zinc vessel with a 
lead mantle reduced the natural ionisation 1 1 per cent., showing that 
the lea<l gives 3 eio ap]>reciable penetrating radiation, but absorbs the 
penetrating radiation from tho earth discovered by Cooke. A kilogram 
of radiolead obtained from CUescd gavo no radium emanation, although 
the ixiinutest amount could be detected. Using methods which would 
effect the separation of the radioactive constituents from radiolead, 
they snccee<led in separating from ordiniry cotnmorcial lead salts pre- 
parations with feeble activity. The load was pi*eci pitatcd successively 
with hy<lrochloric aci<l, sulphuric acid, and hydrogen sulphide, and tho 
last minute precipitate of lead sulphide was feebly active and resembled 
radiolead. Bince radium is very fre<piently contained in lead ortvs, it 
is possible tliat tho radium A, which resembles load chemically, is 
wparated with the load and is the cause of its feeble activity. Hus 
•■suggests to the authors an elt^gant piece of work, for old k-ad—fur 
•example, that obtaiue<l fi’om tho roofs of old buildings - should not be 
.a<‘tive, as the radium J) %vould all disappear in two or three tsenturies, 
•ami unles.s tliO lead actually contained radium iiscdf, its activity after 
this period should have completely decayed. 

FaEDBJtioK Buddy. 
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Acetone, 81. 

estimation of, 213. 

Acetylene, 73, 74. 

Acids, affinity constants of, 15, 20. 
Aconitic acid, a-cyano-, ethyl ester of, 
168. 

Acridine, 171. 

methiodide, 156. 

Acridinium compounds, 172. 
Acridylbenzoic acid, 155. 
Aoridylpropionic acid, 156. 

Actinium B, 349. 

Z, 363. 

Acyloins, 82, 83. 

Adenase, 245. 

Adsorption, 22. 

Alanine, 190. 

Alcohols, 79. 

estimation of, in spirits, 220. 

Aldehydes, 79. 

preparation of, 116, 130. 

Aldehydobispyiazoiones, 163. 

Aliphatic acids, halogen derivatives of, 
98. 

Alizarin-blue, 169. 

— ^ — amide, 169. 

Alkaloids, 181, 210. 

Alkyl bromides, preparation of, 80. 
Alloxan, 173. 

Alloys, 46. ... 

Aluminium salts, influence of, in agri- 
culture, 280. 

Alypine, reactions of, 210. 

Amides, preparation of, 106. 
Amino-acids, 238, 239. 

— preparation of, 108. 

Ammonium bases, quaternary, 197. 

tri-iodate, 203. 

Anagyrine, 181. 

Analysis, organic, 209, 211. 

Anhydrite, 294. 

Anilinophenazthioniiim chloride, 168. 


Anthraniioacetic acid, 161. 
Anthraquinone, 135, 

^-amino-, 169. 

Antimony, alloys of, 68. 

compounds, 56. 

separation of, from tin, 205. 

Antipyrine, test for, 209. 

Apatite, 313. 

Apiose, 89. 

Apophyllitc, 313, 328. 

Apparatns, new forms of section, 223. 
Arginine, 191. 

Argon, 85. 

Arsenic, detection of, 221. 

estimation of, 206, 207, 2*22. 

pentafluoride, 56. 

sulphides, 55. 

Assimilation, by plants, 282. 

Atomic theory, 1. 

weights, revision of, 30, 

Atoms, structure of, 3. 

Atropine, absorption of, by the body, 

221 . - 

Azodiphenyl, diamino-, 121. 

Azoindazole, 163. 

Azotobacter chroococmm^ fixation of nitro- 
gen bj% 264. 

Bacillus methanims, 285. 

Bacillus mycoideSf action of nitrogenous 
matter, 269. 

BaciUtis sii>MiliSy 268. 

Bacteria^ action of carbon dioxide on, 
285. 

action of light on, 285. 

Bacterium EartUMt 268. 

Bactervum wlgarc, action on nitro- 
genous matter, 269. 

Barbituric acid, 173, 175. 

Barley, influence of manures on, 289, 
Bellite, 306. 

Benzaldehy dephenylhy drazone, 164. 

action of light on, 131. 

Benzanthronequinoline, 169. 
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Ci 

Ci 

cv 

c< 

Cl 
Cl 
Cl I 

Cl I 

CM 

Cl I 
Cli 
Ci' 
Oi 
01 
Cl 
01 
CI 

cr 

CI* 

Cl. 

Cl; 

Cc' 

Cc^; 

Cc; 

Cci 

Cq^ 

Co; 

Cojt 

Co| 

Co 

00 
CoJ 
Coi 
Col 
Co’ 
Co{ 
Co?' 
Co. 
Co! 
Coj 

001 
Co^ 
Cr.i 
Cr' 
Cr*i 
Cr^ 
Or^ 
Cri 
Cn 
Cii 
Ou 
Cu 
Ou 
Oq 
Cu 
Cu 
Czi 


DC 

Da 


Beiizeiie-o-azobenzoic acid, 163. 
Benzene&ulplionyl-l : 8-iiaphthylenedi- 
amine, diazo-conipoiind of, 123. 
Benzidine, oxidation of, 121. 
Benziminazoles, 164. 
Beiizo-5-cliloroWtylamide, 159. 

Benzoic acid, 2-chloro-3 : 5*dmitro-, 
172. 

acids, cMoronitro-, dibromo-, and 

dinitro-, Z-mentbyl esters of, 191. 

1 : 4-Benzoquinoneimme, 2-aTnino-, 121. 
i\^- Benzoyl- 1 : 2-dihydroquinolme, 170. 
Benzoyl nitrate, 116. 

Benzoyl pyrrolidine, 159. 
Benzoyl-rfZ-serine, p-nitro-, 187. 
Benzoylbenzylideneindene, 133. 
o-Benzylenebenziminazole, 128, 173. 
Benzylidene, 133. 

Benzylidene-jS-naplitlio], tZZ-amino-, 188. 
Berberine, 210. 

Berthierite, 313. 

Betaine, separation from choline, 220. 
Bisdiazoacetic acid, 176- 
Bismuth, atomic weight of, 32. 

compounds, 56. 

estimation of, 206. 

Bispiperidonium hiomide, 151. 

Bis triazobenzene, 125. 

Bleaching powder, 42. 

Blood stains, testing of, 221. 

Boleite group of minerals, 314. 

Borates, 47. 

Boric acid, estimation of, 204. 

Borneol, 143 

carboxylic acid, 119. 

thio-, 118. 

Bornyl acetate, 143. 

Boronatrocalcite, 296, 

Boron carbide, 50. 

Boryltartaric acid, 196. 

Brazilin, 178. 

Breunnerite, 314. 

Bromination, 122. 

Broniine, atomic weight of, 31. 

separation of, from chlorine, 203. 

Bromoiis acid, 66. 

Brucine, 221. 

Huehu-cainphor, 141. 

Butane, a5-dichloro-, 159. 
2-Biity]pyrrolidine, 152. 

Oahrerite, 315. 

Cadmium, atomic weight of, 31. 

estimation of, 205. 

Cesium sulphides, 37. 

Caffeine, 174. 

Caleite, 315. 

Calcium, alloys of, 42. 

borate, 295. 

carbonate, hydrated, 307. 

chloride, formation of, 294. 


I Calcium, cyanamide, manuring experi- 
j mentswith, 260. 

I estimation of, 205. 

nitrate, production of, 259. 

silicates, 297. 

o-Camphidone, 119. 

^-Oamphidone, 119. 

Camphor, i|/-semiearbazinO', 165. 
Camphoric acid, synthesis of, 141. 
Camphors, 140, 

Caraphoiyl-tf/'Carbamidej 165. 

Cancer, 252. 

Carbithionic acids, 118, 

Carbohydrates, 89. 

test for, 209. 

Carbon, 49. 

— “ dioxide, estimation of, 208, 212. 

monoxide, estimation of, 208. 

suboxido, 49, 101. 

Carbonyl, determination of, in organic 
compounds, 213, 
zaoCarvoxime, 142. 

Casein, determination of, in cheese, 217. 
Cassava, 292. 

Catechin, 167. 

Celestiiie, 816. 

Cellulose, nitro-, hydrolysis of, 104, 105. 

triacetate, 94. 

Cerium compounds, 34. 

Ghabazite, 328. 

Chalmersite, 316. 

Chloral hydrate, identification of, 222. 
Chlorides, mutual relation of fused, 305. 
Chlorination, 122. 

Chlorine, 63. 

interaction of, and hydrogen, 64. 

peroxide, 64, 65. 

separation of, from bromine, 203. 

Chlorite group of minerals, 316. 
Chlormanganohalite, 306. 
Chlornatrokalite, 307. 

Chlorophyll, hydrolysis of, 160. 
Cholestene dibromide, 193. 

Choline, separation from betaine, 220. 
Chromium and its compounds, 58. 
Ohi'ysaniline, 172. 

Clirysotile, 304. 

Chrysophenol, 172. 

Cinchene, 183. 

Cinchona, alkaloids, 183. 

bark, 292. 

Cinchonine, 183. 

Cinchotoxine, 183, 184. 

Cinnamic acids, 186. 

chloro-, preparation of, 134. 

Oitral, 143. 

Glintonite, 316. 

Clostridium gelatinosum, in soils, 268, 
Cobalt, atomic weight of, 31. 
Cobaltammine salts, 68. 

Cocaine, tests for, 210. 
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Cocoatiut oil, detection of, in butter, 
217, 218. 

Codeine, 181. 

hydroxy-, 182. 

i^-Codeine, 18S. 

Oodeiiione, 182. 

Codide, chloro-, 183. 

Coeramidene compounds, 153. 
Goeramidonine, 155. 

Coeroxene compounds, 153. 

Coeroxonium salts, 154. 

Coerthiene compounds, 153. 

Coerulein, 153. 

Colemanite, 295. 

Colloids, 24, 25. 

Colorimetry, 202. 

Colour and constitution, 144. 

Comanie acid, 177. 

Combustion, 73, 74. 

Comenic acid, 177. 

hydroxy-, 177. 

Condensation, 125. 

Coniine, 181, 198. 

Copper, alloys of, 38, 39. 

atomic weight of, 31. 

electrolytic estimation of, 208. 

salts, influence of, in agricultui'e, 

279. 

volumetric estimation of, 207. 

Cotarnine, 181. 

Coumaran, 2-ammo-, 167, 

Coumarin, 152. 

6 -amino-, 152. 

Cyanamides, 125. 

Cyanogenesis in plants, 286. 

Cyanuiie acid, 170. 

Cytosine, 5-hydroxy-, 173. 

Datolite, 316. 

Decamethyleneimine, 152. 
Denitrification in soils, 268. 

Dextrose, detection of, 209. 
Diacetyithionine, 158. 

Diaiuric acid, 17k 
Diamond, 312. 

Diary Iglyoxime peroxides, 116. 
o-Diazines, 172. 
j»-Diazmes, 175. 

Diazoaeetic acid, ethyl ester of, 162. 
Diazoamines, cyclic, 160. 

Diazotisation, 123. 

Diearboxyaconitic acid, methyl ester, 

102 . 

Diet, amount of protein in, 235. 
a-Diethoxydinaphthastilbene, dibrom- 
ide, and tetraiodide, 122. 

6 : S-Diethylbarbituric acid, 175. 
Diethylcyanine, 170. 

Dihydroacridine, absorption spectrum 
ot, 156. 

Dihydrocarvoile, cyano-, 117. 


Dihydrozifolaurolene, 139- 
2 : 3-Diliydro 3-methyIiiidene-2-carbox3'- 
lic acid, 189. 

tZ-A^-Dihydro-l-naphthoic achl, 192. 
Dih5mropiieDantliridiTie, absorption 
spectrum of, 156. 

Dihydrophthalie acids, 1S9. 

4 : 5-Dibydropyrazole-3 : 4 : 5-triearboxy- 
11c acid, ethyl ester of, 1 62. 
iwDihydrotetrazines, 152. 
aa'-Diketopiperazines, 175. 

1 : 3-Diketotetramethylcyc<^f>butane, 138. 
3 : 4-Dimethoxy-8-methylphenanthrene, 
136. 

Dimethyl - 7 -clilaro propylamine, 151 . 
.9-Dimethyl -4 : 6-dia^uno-?;^-xy]ene, 124. 
Dimethyldi-isobutylethanc, 71 . 

2 : 4-Dimethylglyoxaline, 164. 
s^//i-Di methylhydrazine, 1 62. 

1 : 4-Dimethylimiuazoie, 107. 
Dimethylketene, 83. 

1 : 5-Dimethylc2/c7ooctadiene (i 142. 
Dimethylphenaztliionium chloride, 158. 
Dimetliylpyrone, 153, 178. 
Dinaphthacridines, 172. 
Di-j8-naphthoxydiphenylmetliane, 128. 
Dinaphthyiene dioxide, 156, 180. 
Diphenylacetaldehyde, 129, 130, 
o-DipIienylene dioxide, 179. 
Diphenjleneketene, 134. 
Diphenylethylene glycol, 80. 

1 : l-Diphenyl-i^-galactohexitol, 91, 
Diphenylhexitol, 91. 

Diphenyiketene, 134. 

2 : 5-Diphenyl-l :3 : 4-oxacliazole, 180. 

2 : 6-Diphen3’lpiperidoiie-3 : 5-dicarboxy- 
lic acid, methyl ester of, 168. 

1 : l-Diphenyl-cf-sorbitol, 91. 

1 : 5-Diphenyl-l : 2 : 3-triazole-4-ammo~, 
166. 

Disinfectants, testing of, 221. 
Dithiobiiiret, phenyianiino-, 166. 
Dundasite, 317- 

Dyestuffs, identification of, 211. 
Dysprosium, atomic weight of, S3. 

Earths, rare, 33. 

atomic weights of, 32. 

elements of, 32. 

Eggs, preservation’ of, 292. 

Electrical conductivity, 15. 

Electrons, 851. 

Enzymes reactions, 28. 

Enzymes, 242, 286. 

Equilibrium, chemical, 20, 22. 
Esteiification, method of, il6. 

Esters, hydi*olysis of, by lipase, 104- 

preparation of, 118. 

Etbyf alcohol, preparation of, 79 , 
Efchylaniline, hydroxy-, 161. 
5-Ethylbarbituric acid, 175. 
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Ccf 

Co] 
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Cr-f 
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Crl 
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Cu 
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Ethylene, combustion of, 74. 
a-Ethylthioeodide, 191. 

Euxanthone, 178. 

Fat, estimation of, in milk, 217. 

Fats, saponification of, 103, 106. 
Felspars, melting points of, 300. 
Ferment, urieolytic, 245. 

Fermentation, 28, 243, 285. 

Fischer’s salt, composition of, 68. 
Fluoran, 154, 179, 

Fluorescence, 26, 27. 

Fluorine, 63. 

detection of, in food, 218. 

influence of, in agriculture, 280. 

Fluorite, 317. 

Foods, 287. 

Food'Stulfs, detection of preservatives 
in, 218. 

Formaldehyde, 83, 84, 85, 86, 87, 88. 

— ^ condensation of, to sugars, 87. 

estimation of, 213. 

Forsterite, 312. 

Fuchsone, hydroxy-derivatives of, 145. 
Fulgenio aciis, 125, 126. 

Fulgides, 125, 126, 168. 

Fulininic acid, constitution of, 100. 
Fulvene derivatives, reduction of, 132. 
Fnmarylglycidie acid, 99. 

Fill an group, 167. 

Garnets, 317. 

Gases, analysis of, 208, 209. 

Geifcielite, 318. 

Geraniol, 142, 143. 

Germination, influence of salts on, 
281. 

influence of carbon dioxide on, 

281. 

Glasmte, 319. 

Glauberite, 294. 

Globulins, 231. 

Glucinum, estimation of, 207. 

Glucosides, 95, 286. 

Glycerol, detection of arsenic in, 221. 
Glycogen, estimation of, 219. 
Glycollaldehydehydi’azone, 88. 
Glycylglycine, 244. 

Glycylmethyliiidole, 160. 

Glyoxaline, 152. 

Glyoxylic acid metabolism, 241. 

test for, 240. 

Gold, alloys of, 41, 

detection of, 200. 

estimation of, 202, 208. 

Gorceixite, 307. 

Green-manuring, 270. 

Grignard's reaction, 117, 192. 

Guaiiase, 245. 

Guanine, 174. 

<^;Gulose, 194. 


I Gyrolite, 319- 

Hsemopyrrole. 159. 

Halloysite, 305- 
Halogens, estimation of, 212. 

Harttite, 307. 

Heat of vaporisation, 7, 21. 

Helium, 36. 

Hellandite, 819. 

Heptamethyleneimine, 152. 
Heteroxanthine, 174. 

Heulandite, 304. 
Hexahydrobenzaldehyde, 139. 
Hexahydrobenzylcamphor, 191. 
Hexahydrobenzylideneeamphor, 191. 
Hexamethy] ethane, 71. 
cyc7oHexanone-2 : 4-dicarboxylie acid, 
ethyl ester, 138. 

Hexatriene, preparation of, 72, 
j fsoHexoic acid, a-bromo-, 187 
I cycZt^Hexylacetone, 139. 
2-Hexylpyn’olidine, 152. 

Hibschite, 820. 

Hordenine, 181. 

Huebnerite, 320. 

Humus, in soils, 271. 

Hydrazine, use in volumetric analysis, 
205. 

a-Hydrazobenzoie acid, 163. 

Hydrindoue, acetyl-, 127. 

benzoyl-, 127. 

a-Hydrindone, condensation of, 128. 
Hydrocarbons, estimation of, 214, 

oxidation of, 7 4. 

preparation of, 71. 

Hydrofluosilicie acid, titration of, 207. 
Hydrocastorite, 329. 

Hydi'ogen bromide, preparation of, 64. 

chloride, preparation of, 64. 

fluoride, 63. 

iodide, preparation of aqueous solu- 
tions of, 66. 

peroxide, titration of, 203. 

reducing activity of, 206. 

Hydrolysis, 96. 

Hydroxylamine, 119. 

wdisulplionic acid, potassium salt, 

54. 

Hyposulphiirous acid, estimation of, 204. 

Ice, density of, 58. 

Z-Iditol, 91. 

Iminazoles, 164, 

Indazoie, amino-, 164, 

derivatives, 162. 

synthesis of, 163. 

o-Indazylbenzoic acid, 3-hydroxy-, 163. 
Indigo, 160. 

Indigotin, 161. 

diacetic acid, 161. 

— - diamino-, 161. 
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Indigotin, dinitro-, 161. 

estimation of, 215. 

Indole, 160. 

-3-aldehyde, 160. 

te.st for, 210. 

fsol ndolinones, 160. 

Imloxyl, 161. 

Iodine, atomic weight of, 32. 

influence of, in agriculture, 2S0. 

separation of, from bromine and 

chlorine, 203. 

Ionisation due to a-radiation, 836, 33S, 
339, 340, 342. 

Ions, hydration cf, 17. 

Iridinra, detection of, 200. 

Iron, alloys of, 67, 6S. 

compounds of, 66, 67. 

rusting of, 66. 

separation of, 206. 

I-atic acid, 169. 

Isatinacetic acid, 161. 

IsiOmeric change, 129. 

Isomerism, 194. 

Isorropesis, 148. 

Jadeite, 320. 

Jamesonite, 321. 

Janosite, 321. 

Ivaiiiite, use of, in manuring, 276. 
Kaolin, 305. 

Ivertschenite, 307. 

Ketenes, 134. 

Ketobispyi'aijolones, 163. 

Ketolactams, 159. 

Ketones, 79, 80. 

Kidney, work done by, 248. 

Kleinite, 308. 

Knigite, 294. 

Kynurenic acid, 160. 

Kynurine derivatives, 170. 

Lactic acid, 188. 

in metabolism, 241. 

LLactic acid, 192. 

Lactose, 243. 

Lsevulose, detection of, 209. 

Lard, detection of beef fat in, 219. 
fso Laurolene, 141. 
fsoLaiironolic acid, 141. 

Lead, compounds of, 52. 

Lecithin, 190. 

Lepjidine, i8-chloro-, 160. 

Leiieine, 190. 

Leueyldecaglycylglycine, 112. 
LLeucylgiyeine, 11.3. 

Light, action of ultra-violet, on metals, 
353. 

Lime in soils, 271. 
a-Limonene nitrosochloride, 143, 
,3-Limonene nitrosochloride, 143. 


Lipase, hydrolysis by, 104. 

Lithmiii, 

Magnesia in .soils, 271. 

MagneMuiti carbonatt-, hydrates of, 45. 

silicates, 297. 

sulphate, as a manure, 273, 

Malacon, 322. 
jVIaldiallylainide, 197. 
Mnldi-yi-propylamide, 197. * 

Malic acid, ehloro-, 99, 

broino-, 99. 

Malt, n.trogenous constituents of, 283. 
Maltol, 177. 

Mandelic acid, 192. 

Manganese, atomic weight of, 31. 

estimation of, 204, 206. 

, salts, influence of. in agriculture, 

; 278. 

1 — — silickles, 63. 

! Matter, electronic theory of, 350. 

, MeldoLi s blue, 157. 

I Melezitose, 89. 

1 Mellitic acid, 179, 

; Meiieghinite, 322. 

, A'i*'5''*)-j3-Menthadiene, 140, 141. 
j j?-Menthadione-2 : S-, 141. 
j Menthene, 140, 
j A*'-j;-Menthene, 140. 

1 A^-jp-Menthenol, 140. 
i "Menthol, 140. 

: Z-Meiithyl henzenesulphonate, 197. 

i ;8-naphthalenesulphonate, 197. 

! Z-Menihylcarhamic acid, esters of, 192. 
Menthjfl tartiaies, 196. 

Mcroquinenine, 1£3. 

Mercury, estimation of, 205. 

sales, influence of, in agriculture, 

280. 

Metalammonium compounds, 36. 
Metastable state, 27. 

Meteorites, 330. 

Methane, 71, 73. 
o-Methoxydiphenyl ether, 116. 
7-Methylacridoiie, 1 :3 : 6-trinitro-, 172. 
Methyl alcohol, detection of, 211. 

preparation of, 79. 

Methylamine, preparation of, 106. 
Methyianiline, w-cyano-, 115. 

aj-&iil|>honie acid, sodium salt, 115. 

Methylarabinoside, 194. 
2-Methylbeiizimmazole, 119. 
Methyldiethylcarbinol, ehloro-, 80. 
Methylene-azure, 157. 

Methylene-blue, 157, 158. 
Methylethylethylene, 72. 
4-Methylglyoxaline, 164. 
t?Ll - Methy 1 - A^- cj^clohexene-i-carboxylic 
acid, 189. 

d5Z-4-Metliylo|/cZohexylidene-l-acetic aeid, 
185. 
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2-iIetIiyIinclole, 170. 
ilethylmorphiinethine, 182, 191. 
JV-Medivl-^-Daphthinciole, 161. 

1 -Methyl pyrazole inethiodide, 162. 
Methylrhannioside, methylation of, 93 
Methylrhamnosides, 194, 
Mt‘thy]suberone, 139. 

Micro-eIieitii.strv, 248. 
iricro-orgaiiisnis, 284. 

Milk, analysis of, 216. 

— eomposition of, 293. 

Minerals, artificial formation of, 312. 

radioactivity of, 829, 357 . 

reaction .s of, 330 

-— water of crystallisation in, 306. 
Molybdenum and it.s eompoimds, 59 . 
Moravitc, 308. 

Morin, 178. 

Morphenol, 136. 

Morpliine, 181. 

reaction for, 210 . 

«;;oMorpliine, 182. 

Morphol, 136. 

Murexide, 173. 

Miitarotation, 194. 


Naegite, 322. 

Naplitiiacenequinone, ehloro-, 135. 
iSaphtiidlene-2-carboxylie acid, l*3-di- 
amino-, ethyl ester, 135. 
Naphthaphenazine, 175. 

Naphthojs, amino-, pre})aration of, 114 . 

1 • Naplith jiamine, 4 . bromo ■ 2 - nitro -, 


Naphthyldiphenylme thane, di-a-hvdr- 
oxy-, 128. ^ 

Natrolite, 329. 

Neodymium compounds, 33 , 

Neon, in hedium from radioactive 
minerals, 358. 

Nephrite, 320. 

Nepouite, 308, 

Nm-ol, synthesis of, 142, 143. 

Nickel, alloys of, 68 . 

- 7 - test for, 200 , 204. 

^250^^^’ muscles, 249, 


Nitrates, distribution of, in soils, 268 
— formation of, in the soil, 267. 

Nitric acid, estimation of, 204 
Nitric oxide, detection of, in presence of 
ozone, 201 . 

Nitrification, 265, 266. 

Nitrites, formation of, in the soil 267 
*— production of, 53. 

Nitro-eompounds, reduction of, 115 I 19 

Nitrogen, 53. 


assimilation of, by bacteria, 264 
— - atomic weight of, 30. 

— - compounds, 106. 

-- — estimation of, 212 . 


’ Nitrogen, fixation of, 256. 

I peroxide, 54, 

I sulphide, additive compounds of 

I 54. ' ’ 

I utilisation of, by plants, 263. 

I Nitroglycerine, estimation of, 215. 

, hydrolysis of, 104, 105. 

! Nitrosoazo-com 2 )onuds, 167. 
-fsoNitroso-comjjounds, colour of 148 
Nitrous acid, estimation of, 204.’ 
Nordenskioldite, 312. 

Northa 2 >ite, 312. 

Nuclease, 244. 

Nuclein, 244. 

j Octamethylenediarnine, 152. 
i Oelirnite, 309. 

I Oenantliylcamphor, 191. 

I Oei)authylidenecara 2 ihor, 191. 

Oils, essential, 214. 
j Olefines, prepaiation of, 72. 

' Oleic acid ozonide peroxide, 77. 

02>tical inversion, 197. 
i Osannite, 309. 
i Osazones, formation of, 90. 
j Otavite, 309. 

I Oxazine dyes, constitution of, 157, 
j Osmotic pressure, 7. 

I Oxidation, 120. 

I Oxydases, 245. 

I Oxyhalogen compounds, 64. 
j Ozone, 57, 74, 75. 

I detection ot, in presence of nitric 

; oxide, 201. 

use in fiuantitative analysis, 206 
Ozonides, 75, 76, 77, 120. 

Palladium, estimation of, 202. 

Pancreas, adaptation of, to lactose, 243 
Pandermite, 295. 

j Paraffins, preparation of dihalogeii de- 
rivatives of, 77. 

Paratacamite, 309. 

Paravivianite, 309. 

Paraxanthine, 174. 
a- Particles, 339. 

positive charge carried by, 344 

Patronite, 310. 

Pentamethyl salicin, 95. 
c^cZoPentanealdehyde, 130. 
eyc^Pentanonecarboxylic acid, 138 
ci/doFentanone-2 : 4-dicarboxylic ’acid 
ethyl ester, 138. ’ 

Perhaloids, 122. 

Permonosulphuric acid, 61, 

Persulphates, estimation of, 205, 
Perthiocyanic acid, 166. 

Petterdite, 322. 

Phenanthrene, trihydroxy-, 136. 
Phenaiithridine methiodide, absorption 
spectrum of, 156. 
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Phenaztliioiiinm cMoride, acervla^iizno-. 
158. 

amino-, 158. 

Phenol, iriiiirroacetylaiiiiiio -5 164. 
Phenolphthalein, 179. 

F^henols, nitro-, colour of, 146, 148. 

nltrocyano-, 122. 

Phenothioxiii, 180. 

Phenylacetaldoxime, 169, 

0- Plienylacridine, 172. 
jS-Phenykinchoninic acid, 169. 
^-PhenyTenedianthranilic acid, 116. 
Phenyidihydronaplithaqumolinedicarb- 

oxylic acid, ethyl ester of, 169. 
^-Phenylethvlquinoline, 2-i3-hvdroxy-, 
170. 

Phenylglycine, 161. 

o-carboxylic acid, 161. 

dl-o.- Phenyl - a'-4-h vdroxvphenylethane, 
188. 

2-Phenylmdazole, chloro-S-hydroxv-, 
163. 

^-Phenyl-a-lactic acid, dii-j8-amino-, 
190. 

^-Phenyl-S- lactic acid, cW-a-brotno-, 190. 
Phenylraethane, dinitro-, 116. 

1- PhenyI-3-methyl-4-benzenea20 - 5 - pyr- 
azolone, 163. 

Phenylmethylglycollic acid, 192. 
Phenylraethylpyriizoloiie, 162. 
;8-Phenylpropionic acid, a-bromo-, 187. 
l-Phenyl-5-]^razolone, S-hydroxy-, 163. 
Phenyl pyridiniuni hydroxide, 2:4- 

dinitro-5-hydroxy-, 169. 
l-Phenyl-5-triazolone-4-caTboxviic acid , 
methyl ester of, 166. 

Phosphates in soils, 273. 

Phosphoric acid, in agriculture, 274, 
275. 

Phosphorus compounds, '65. 

detection of yellow, 200. 

di-iodide, 55. 

sulphides, 55. 

Photochemistry, 26. 

Phthaleins, colour of, 147. 

Picric acid, colour of, 146, 

Piuacone, preparation of, 82. 

Piperidine, 168. 

Pitchblende, 323. 

Plants, development of, 282. 

ti ansformation of sugars in, 284. 

Platinum alloys, 69. 

— “ compounds, 69. 

detection of, 200. 

Piiimbogummite, 323. 

Polonium, 359. 

Polyhaiite, 294. 

Polypeptides, 112. 

Potassium, atomic weight of, 32. 

salts in manuring, 276, 

Propionic acid, a-bromo-, 188. 
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Prmmciic a. id, diamino-, 157. 

Protein.'s, absorption of, *234. 

ash constituents f»f, 233, 

bacterial decomposition uf, 1S6. 

determination of, in milk, 217. 

— - nomenclature of, 22S, 
Pseudo-wollastosiite, 295. 

Purine, 174. 

Purpuric acid, 173. 

Pyran derivatives, 178. 

P 3 ’razole, 152, 162. 

P^’razoline, 162. 

Pv’razolone derivatives, 162, 
3-Pyrazolones, 163. 

5-PyrazoIones, 168. 

Pyridine, 168, 

4 ro-dicarboxjdicacid, 2 : 6-dihydr- 
oxy-, ethyl ester of, 168. 

7 -Pyridone, 168. 

Pyrimidine, 4 '5-diamino-, 174, 
Pv’rochroite, 323. 

Pyrogallolphthalein, 153. 

P^-romeeonic acid, 177. 

Pyromellitic acid, 179. 

Pyrone, 176. 

Pyrophyilite, 304. 

Pyrrole” 159. 

Pyrrole group, 158. 

Pv'rroles, dV-sub.stituted, 158. 
Pyrrolidine, 159. 

P^TUvic ureide, 164. 

Quartz, ciystals, liquid inclusions in, 
323. 

deposition of, from aqueous solu- 
tions, 302. 

production of artificial, 312, 

Quinacridine, 172. 

Quinaei’idone, 116. 

Quiualdine, 170. 

Quinazoline syntheses, 174. 

Quindoline, 170. 

dihydroxy-, 171. 

Quinoidine, test for, 210. 

Quinoline, 3-chloro-, 160. 

4-eliloro-_, 170. 

Quinolphthalein, 179, 
Quinonaplithalones, 170. 

Quinoneazine, 121. 


Kadiation, a-, 334, 337, 348, 362, 

364. 

-348, 349, 355. 

secondary, 349. 

352, 362. 

Radioactivity, of the earth, 359. 

of thermal sxirings, 357. 

Radiolead, 365. 

Radium, rays, action of, on gems, 354. 
— — general xiroperties of, 355. 

C C 
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Radium, pli;fsiological action of, 356. 

A, 345. 

B, 345. 

charge into radium (7, 346, 

a, 335, 340, 345. 

D, 360, 365. 

B, 352. 

F, 340. 

Raffinose, estimation of, 214. 

Rainfall, 269, 270. 

Redxietion, 120, 132, 137. 

‘ electrolytic, 119. 

Rhamnose, 194- 
tfit?cRhodamine, 179, 

Rhodeose, 89. 

Rhodochrosite, 323. 

Bing compounds, eight-membered, 151. 
Bing formation, 150. 

Rock salt, blue colour of, 37, 324. 
Rotatory power, 195, 196. 

Rubidium sulphides, 37. 

Rutherfordine, 310, 357. 

Saccharin, 122. 

test for, 210. 

apoSafranine, constitution of, 158. 
Salt-deposits, formation of, 294. 
Samarium chloride, 33. 

Saponaretin, 96. 

Saponarin, 96. 

Saponification, 103, 105. 

SarcoUte, 325. 

Soatole, 160. 

test for, 210. 

Scheelite, 325. 

Selenium and its compounds, 62. 

Serine, 110, 111, 187. 

Serpentine, 304. 

Sewage, purification of, 266. 

Siderito, 326. 

Silica in manuring, 277. 

Silicates, 51. 

mutual relation of fused, 295. 

Silicic acids, 303. 

Silico-ahiminides, 48. 
Silicomagnesiofluorite, 310. 

Silrer, alloys of, 40, 69. 

atomic weight of, 31. 

bromide, chloride, and thiocyanate, 

solubility of, in water, 201. 

— ™ nitrate, electrolysis of solution of, 
40. 

salts, influence of, in agriculture, 

280. 

volumetidc estimation of, 202. 

Sloanite, 329. 

Sodamide, 114. 

Sodium hydroxide, preparation of, 36. 
Soil-constituents, availability of, 280. 
Soils, denitrification in, 268. 

estimation of carbon in, 271. 


Soils, extraction of, 275. 

lime and magnesia in, 271. 

micro-organisms in, 264. 

oxidation in, 281. 

potash and soda in, 276. 

sterilisation of, 281. 

Solutions, standardisation of, 203. 

theory of, 11. 

Spessartite, 318. 

Stibiotantalite, 325. 

Stilbazoline, 198. 

Stilbeneqninone, 121. 

Stilbite, 329. 

Strontium, 43. 

atomic weight of, 31. 

Structure and basicity, 152.* 

Strychnine, 221. 

Succinic acid, preparation of, and its 
alltyl derivatives, 97. 

tribromo-, 98. 

^oSuccinie acid, 97. 

Sucrose, description of, 88. 

estimation of, 214. 

hydrolysis of, 193. 

290. 

Sugars, estimation of, 213. 

formation of, from formaldehyde, 

85, 86, 87. 

Sulphates, fiO. 

Sulphides, test for, 201. 

Sulphinic acids, formation of, 118. 
Sulphur, hydrate of, 59. 

Sulphuric acid, theory of formation of, 
60. 

Symbiosis, 263. 

Syngenite, 294. 

Tachhydrite, 294. 

Talc, 304. 

Tannin, 167, 191. 

■ estimation of, 215. 

Tantalum, atomic weight of, 33. 
Tapiolite, 326. 

Tartaric acid, 193, 

Tartraraide, rotatory powers of deriv- 
atives of, 197. 

Tea, manufacture of, 291. 

Tellurium and its compounds, 62. 
Terbium, atomic weight of, 34. 

Terpenes, 140. 

Tetraliedrite, 326. 

Tetrahydronaplithoic acids, 188. 
a<5-T6trahydro-2“naphthol, 189. 
Tetrajjhenylme thane, 119. 
Tetraphenylpeiitanone, 117. 

Thallium, 48. 

Thebaine, 181. 

test for, 210. 

Theobromine, 174. 

Theox^hylline, 174. 

Thermodynamics, 20. 
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Tliiazme dyes, Gonstitntion of, 157. 
Thiazfiles, 180, 

Thioindigo-red, 161. 

Thionine, 15S. 

Thiosulpiiates, production of, 61. 
ThomsoDite, 328. 

Tlioriaiiite, 327, 35S. 

Thoriimi A, 348, 361. 

B, 348, 361. 

X, 348, 361, 363. 

Tiinringite, 327. 

Tin, separation of, from antimon}’', 205. 
^‘Tiring” of metals, 353. 

Titaiiite, 328. 

Titanium, 50, 

tricliloride, use in analysis, 207. 

Tobacco, alkaloids of, 181. 

estimation of organic acids in, 292. 

Toluene, detection of,' in benzene, 210. 
j^-Toluidino-3 : 5 - dinitrobenzoic acid, 
2-ci-iiitro-, 172. 

Trehalose, detection of, 209. 
Triazoledicarboxylie acid, amino-, 176. 
Triazoles, 152, 165. 

5-Triazolone, 166. 

Tridymite, 296, 300. 

Triformin, 106. 

** Trimetbintriaziiuid,” 165. 
Trimethyl-a-arabinoside, 194. 

1:2: 6-TriraethvlbeDzene, 3 :5-dicliloro-, 

122 . 

1:1: 2-Trimethyl- ^-dihydrobenzene, 
3 : 5-dichloro-, 122. 

3:3: 5-Trimethylindolemne, 160.- 
Trimethylsuccinic acid, 97. 
Ti’iphenylmethyl, structure of, 131. 
Triphenylpropiophenone, 117. 
Tryptophan, 160. 

Uracil, 5 -nitre-, 174. 


Uranium A', 34 i. 

— — - B-ruy» of, .549. 

Uric add," 174. 

ibrination of, from nuclein, 244. 

Urine, secretion of, 245. 

Valine, 187. 

Vanadium conipoiiiid.s, 56. 

Vapour pressure, 6, 21. 

Velocity, temperature variation of 
reaction, 22. 

Victoriuin, 34. 

Vinegar, detection of ftee mineral acid 
in, 220. 

Viscosity, 18, 

Volatility of metals, 66. 

Water, estimation of, 202. 

AVeinbergerite, 310, 331. 

Wheat, “strength ” in, 288. 
ATollastonite, 295, 303. 

Xanthine, 174. 

Xanthoxalanil, 159. 

Xanthydrol, 178. 

Xylenols, reduction of, 137. 

Xylitones, 139. 

Yttroealcite, 311. 

Yttrocrasite, 311. 

Zein, 238 

Zeolite, a new, 311. 

Zeolites, 328. 

constitution of, 304. 

Zinc, dey)osition of, 208. 

detection of, 200. 

“ insen.sitiveness ” of, 206. 

volumetric estimation of, 205. 

Zoisite, 329. 
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